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Geohydrology and Water Quality of Stratified-Drift
Aquifers in the Contoocook River Basin,

South-Central New Hampshire

By Philip T. Harte and William Johnson

ABSTRACT

This report presents the results of a study by the 
U.S. Geological Survey, in cooperation with the New 
Hampshire Department of Environmental Services, 
Water Resources Division, to describe the geohydrol- 
ogy and natural water-quality characteristics of 
stratified-drift aquifers in the Contoocook River 
basin. Deglaciation during the Pleistocene time 
period caused the formation of multiple glacial lakes, 
which had a pronounced effect on the distribution 
and lithology of stratified-drift aquifers in the basin. 
The main stem of the Contoocook River is underlain 
by sediments deposited by successively lower glacial- 
lake stages. Coarse-grained sediments that form 
aquifers were deposited in deltas and eskers that 
drained into these lakes. The upland valleys to the 
west of the main stem contain valley-fill sequences.

Discontinuous stratified-drift aquifers underlie 16 
percent of the 766 mi2 (square miles) of the Contoocook 
River basin and are present in low-lying river valleys. 
Tfie largest contiguous aquifer is approximately 20 mi1 
and is in the central river valley of the Contoocook 
River. Tributary river valleys along the west flank of the 
basin contain aquifers much smaller in size than 
aquifers along the Contoocook River. Saturated thick 
ness of stratified-drift aquifers exceeds 200 feet in two 
areas (with a maximum thickness of 230 feet) but is 
generally less than 80 feet. Transmissivities estimated 
from lithologic logs exceed 8,000 ft2Id (feet squared per 
day) in three aquifers but is commonly less than 2,000 
ft2/d.

Ground-water withdrawals from stratified-drift 
aquifers are estimated at 1.60 Mgal/d (million gallons 
per day) and account for 40 percent of total ground- 
water withdrawals within the basin. Municipal 
ground-water withdrawals from stratified drift are 
1.54 Mgal/d. Domestic and commercial users 
withdraw 0.06 Mgal/d from stratified-drift aquifers.

Ground-water recharge to the stratified-drift 
aquifers from infiltration of precipitation is estimated 
at 121 Mgal/d or 44,195 million gallons per year on 
the basis of an area-weighted calculation with an 
average rate of 21 in/yr (inches per year). Additional 
recharge from lateral flow at aquifer boundaries and 
infiltration of surface water also occurs. The effective 
ground-water-recharge rate for the entire basin is 13.9 
in/yr based on hydrograph separation of streamflow. 
This rate integrates the effective recharge of all 
aquifers in the basin (stratified drift, till, and 
bedrock) and accounts for recharge across tl e entire 
land surface of the study area, including areas with 
surficial deposits of till and bedrock.

Aquifer yields were estimated for four aquifers by use 
of an analytical ground-water-flow model based on the 
Theis confined-flow equation adjusted to account for 
boundary effects typically associated with stratified-drift 
aquifers. Tfie maximum sustained aquifer yield during 
a period of no recharge was 1.85 Mgal/d at the Green- 
field- Otter Brook aquifer. Aquifer yields can exceed this 
rate during periods of recharge.

The indigenous ground-water quality of stratified- 
drift aquifers is probably a calcium bicarbonate water 
type. Water samples were collected from 11 test wells 
to assess background water-quality. All wells were 
located to avoid areas of known water-quality 
problems. Data from the New Hampshire Depart 
ment of Environmental Services for an additional 10 
public-supply wells were incorporated to augment 
spatial coverage throughout the aquifer. In general, 
concentrations of trace metals were below recom 
mended levels set forth by U.S. Environmental 
Protection Agency primary and secondary drinking- 
water regulations. Volatile organic compounds were 
below detection levels of 3 micrograms per liter. 
Elevated sodium chloride concentrations at some 
locations may be the result of road-salting activities 
during winter.



INTRODUCTION

This study of stratified-drift aquifers in the Con- 
toocook River basin is one of a series of cooperative 
efforts by the U.S. Geological Survey (USGS) and 
New Hampshire Department of Environmental Ser 
vices, Water Resources Division (NHDES-WRD), 
to provide geohydrologic information on the 
stratified-drift aquifers for use by regional and local 
planners in optimizing use of ground-water re 
sources. Stratified-drift aquifer studies are divided 
by major river basins in New Hampshire (fig. 1). 
Completed studies and reports include the Nashua 
Regional Planning Commission area (Toppin, 1987); 
the Exeter, Lamprey, and Oyster River basins 
(Moore, 1990); the Saco River basin (Tepper and 
others, 1990); the Bellamy, Cocheco, and Salmon 
Falls River basins (Mack and Lawlor, 1992); and the 
Lower Merrimack and coastal River basins (Stekl 
andFlanagan, 1992).

The Contoocook River basin has a population of 
108,798 among 34 towns (H.S. Boisvert, New 
Hampshire Office of State Planning, written com- 
mun., 1991). Projected population for the year 2000 
is estimated to be 120,835 (New Hampshire Office of 
State Planning, 1987). To meet projected water 
demands, towns are searching for alternative 
sources of water. Ground-water withdrawals for the 
basin are estimated at 4.05 Mgal/d (M.A. Horn, U.S. 
Geological Survey, written commun., 1991). A 
projected additional need of 0.45 Mgal/d by the year 
2000 is required to keep pace with extrapolated 
population increases. Currently (1992), ground- 
water withdrawals from stratified drift are 40 per 
cent of total withdrawals (1.60 Mgal/d), from 
bedrock are 52 percent, and from till are 8 percent.

New water-quality regulations promulgated by the 
U.S. Environmental Protection Agency (USEPA) 
have set limitations on suspended sediments and 
bacteria, which are common water-quality problems 
in surface water but not in ground water. The excep 
tion is ground water derived from induced infiltra 
tion of surface water (streams, lakes, and wetlands). 
Municipal water supplies in the study area rely 
primarily on surface water but may augment supplies 
with ground water. The towns of Hillsborough, Bos- 
cawen, Concord, Hancock, Andover, Hopkinton, 
and New London rely almost solely on surface water 
to meet municipal demands. The towns of Peter 
borough, Jaffrey, Henniker, Antrim, and Bennington 
rely primarily on ground-water withdrawals from 
stratified-drift aquifers.

Ground water in several stratified-drft aquifers 
has been affected by contamination from toxic 
wastes. Two contaminated sites have been classified 
by the USEPA as Superfund sites: the South Well 
field in Peterborough and a manufacturirg company 
in Jaffrey. These water-quality problems have ex 
emplified the need to discover alternate sources of 
water supply.

Purpose and Scope

This report presents the findings of a 1987-90 
study by the USGS to describe the geohydrology of 
the stratified-drift aquifers in the Contoocook River 
basin. The report primarily describes (1) areal ex 
tent, saturated thickness, and hydraulic charac 
teristics of the stratified-drift aquifers; (2) potential 
aquifer yields; and (3) background water quality.

Major emphasis is on the geohydrology of poten 
tially productive aquifers. For purposes of this 
report, potentially productive aquifers are defined 
as stratified-drift deposits covering an area more 
than 0.10 mi2, containing coarse-grained sediments, 
and having a saturated thickness greater than 30 ft. 
The selection of aquifer dimensions and charac 
teristics were based on a review of locations of 
municipal-supply wells drilled into stratified-drift 
aquifers in the State, and these dimensions and char 
acteristics seem to be reasonable limiting criteria in 
supplying adequate water yield to a municipal 
source. Water-yield estimates are made for the 
major subbasins in the Contoocook River basin 
(fig. 2) from (1) analyses of streamflow data to char 
acterize base-flow recessions and water budgets and 
(2) regional qualitative analysis of hydraulic charac 
teristics of the stratified drift. A detailed assessment 
of potential aquifer yield was done for some of the 
most promising undeveloped aquifers in each subbasin 
by use of analytical ground-water-flow models.

Approach and Methods

The following approach and methods were used in 
this study:

1. An inventory of subsurface data was compiled 
from well logs of the NHDES-WRD; the New 
Hampshire Department of Transportation; 
domestic well records; consultant reports on file 
with private firms and municipalities; and data 
from published and unpublished USGS studies. 
Local identifiers assigned to wells and test
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borings consist of a two-character town code 
(table 1), a letter designation ("A" for borings 
related to hydrology, "B" for borings related 
primarily to construction, and "W" for all wells in 
which casing was set), and a sequential number 
within each town. For example, the first well in 
the town of Henniker is HMW-1. Data from 
more than 2,200 sites in the inventory were 
entered into the USGS Ground-Water Site In 
ventory (GWSI) national data base. Each site is 
referenced by a site identifier, which is com 
posed of latitude, longitude, and a two-digit 
identification number for data from the same 
coordinate location.

2. Aquifer boundaries were defined with tie. aid of 
(1) soil maps (U.S. Soil Conservation Service, 
1985), (2) several unpublished surficial geologic 
maps from the USGS Northeast Glacial 
Regional Aquifer System Analysis (RASA.) pro 
gram (A.D. Randall, U.S. Geological Survey, 
written commun., 1989), (3) lithologic lc?,s from 
wells, (4) test holes, (5) bridge borings, (6) data 
from consultant reports, and (7) field napping 
of the contact between till and stratified drift. 
Aquifer boundaries were estimated primarily 
from soil maps and were based on soil genesis. 
Soils derived from sand and gravels vere in 
cluded as stratified-drift aquifers, and soils

Table l.--Town codes used in the numbering system for wells and borings

Town

Dublin

Harrisville

Nelson

Town code

Cheshire County

DK

HI

NB

Town

Rindge

Stoddard

Jaffrey

Town code

RG

SP

JB

Hillsborough County

Antrim

Bennington

Deering

Greenfield

Hancock

AO 

BN 

DE 

GS 

HG

Hillsborough 

New Ipswich 

Peterborough 

Sharon 

Windsor

HO

NJ

PC

SI

WQ

Andover

Boscawen

Bradford

Concord

Danbury

Henniker

Hill

Hopkinton

Merrimack County

AN Newbury ND 

BT New London NL 

BV Salisbury SB 

CV Sutton SY 

DB Warner WC 

HM Webster WH 

HN Wilmot WM 

HU

Washington

Sullivan County

WE



derived from till were excluded. Boundaries es 
timated with soils maps were then refined by 
examining logs of wells adjacent to the boundary 
and by field checking the stratified-drift and till 
contact.

3. Seismic-refraction profiles were completed at 32 
locations (pis. 1-2) to determine depths to water 
table and bedrock. Seismic-velocity values used 
to measure the materials under investigation 
ranged from 900 to 1,500 ft/s for unsaturated 
stratified drift, 5,000 ft/s for saturated stratified 
drift, and from 10,000 to 15,000 ft/s for bedrock 
(Haeni, 1986). Interpreted seismic profiles in 
this report show (1) the top of the profile, which 
represents land surface in feet above sea level; 
(2) an estimate of altitude of the water table 
within unconsolidated deposits at the time the 
seismic data were collected; and (3) an estimate 
of altitude of the bedrock surface. The relative 
altitudes of each geophone and shot were deter 
mined by leveling, if significant altitude differ 
ences between geophones were observed. The 
actual altitudes, relative to sea level, were es 
timated from topographic maps. Altitudes esti 
mated from topographic maps are assumed to be 
accurate to within one-half of the contour inter 
val (usually 10 ft). Actual depths to the bedrock 
surface are probably within 10 percent of the 
estimates from seismic-refraction profiles. Till 
is not accounted for in these interpretations be 
cause it is thin (less than 10 ft) and cannot be 
detected with seismic-refraction methods. 
Where till is present and is not accounted for in 
the interpretation of seismic data, the computed 
depth to bedrock is slightly less than the actual 
depth.

4. Test drilling was completed at 58 locations to 
collect lithologic and hydrologic data (pis. 1-2). 
Split-spoon samples were collected at 10- to 20- 
ft intervals to identify stratigraphy and lithologic 
properties. Observation wells were constructed 
at 27 locations (pis. 1-2) where the stratified 
drift was suitable for measuring water levels and 
collecting ground-water samples for water- 
quality analysis. Wells were constructed of 
threaded 2-in.-diameter polyvinyl chloride 
(PVC) pipe with 2- to 5-ft slotted screens. Wells 
were initially developed by surging with com 
pressed air to displace water and sediment from 
the well screen and to improve the hydraulic 
connection with aquifer materials. Wells were 
further developed by use of a centrifugal pump 
to evacuate ground water.

5. Ground-water levels were measured at the 27 
observation wells during late summer and early 
fall 1989 to provide information on vater-level 
fluctuations. Other sources of data for water 
levels were the NHDES-WRD, consultant 
reports, USGS seismic-refraction data, and al 
titudes of streams and other water bodies shown 
on USGS topographic maps.

6. Maps of the water table, direction of ground- 
water flow, and saturated thickness were con 
structed from data collected by use of the 
preceding methods. At the contact between till 
and stratified drift or bedrock and stratified 
drift, the thickness of stratified drift was as 
sumed to be equal to zero. Several steps were 
required in estimating saturated thickness at 
wells where data on water-table altitude and till 
or bedrock-surface altitude were not available. 
Interpreted contoured values from water-table 
maps were used to estimate the saturated thick 
ness at wells where depth to bottom of the 
aquifer was available but water levels were not. 
Aquifer-bottom depths needed to determine 
saturated thickness, were collected from a 
variety of sources. These sources are listed in 
order of priority:

a. Till surface, as determined from drilling logs 
(if till is present, it is the bottom of the 
stratified-drift aquifer);

b. Bedrock surface, as determined from drill 
ing logs;

c. Bedrock surface, as determined from seis 
mic-refraction or reflection surveys;

d. Bedrock surface, assumed to be 10 ft above 
the casing bottom for wells finished in 
bedrock (a common drilling procedure used 
for domestic wells in the area is to drive 
casing 10 ft into bedrock);

e. Auger refusal, assumed to be at or above the 
bedrock surface (depending on whether 
refusal is assumed to be in bedrock or 
boulders); and

f. Bedrock surface, assumed to be at a depth 
greater than the bottom of the well in wells 
that did not reach bedrock or refusal. Un 
less the thickness of a till is known, it is 
assumed to be insignificant (less than 10 ft) 
(Goldthwait and others, 1951).

7. Streamflow measurements were made during 
base flow at 75 sites to determine distribution of 
ground-water recharge and discharge and to



help estimate aquifer yields. Stream discharge 
measurements, accurate to 10 percent, were made 
by use of USGS current meters according to pro 
cedures described by Rantz and others (1982a,b). 
Most measurements (71 out of the 75) were made 
from September 29 through October 3,1988, when 
flow duration of the discharge of the West Branch 
Warner River (station 01085800), an unregulated 
stream with a drainage area of 5.75 mi2, was about 
88 percent. Streamflow consists predominantly of 
base flow when durations of measured flows are 
about 82 percent.

8. Regional hydraulic characteristics of stratified- 
drift aquifers were determined from base-flow 
recession characteristics of the 10 subbasins 
within the Contoocook River basin by use of 
streamflow data from the 10 continuous-record 
streamflow-gaging stations (fig. 3 and pis. 1 and 
2). Base-flow recessions were analyzed by 
methods developed by Rorabaugh and Simmons 
(1966) to determine the hydraulic diffusivity (D- 
transmissivity (T) divided by Storativity (S)) of 
the drainage area. Hydraulic diffusivity was 
computed from coincident base-flow recessions 
based on streamflow data from 1962 through 
1978, a period common to all gaging stations. 
Hydraulic diffusivity is computed from 
streamflow recessions after the critical time (the 
time in days after recharge ceases), which cor 
responds to the beginning of the base-flow 
recession. The governing relation between 
base-flow recession and hydraulic diffusivity is 
expressed by the equation

D = 0.933 (a2) 
(At/logcycle)' (1)

where D is hydraulic diffusivity, in ft2/d;

a2 is average half-width of the 
aquifer squared, in ft2; and

At /log cycle is the number of days required for 
base flow to decline over one log 
cycle.

The average half-width of the aquifer was deter 
mined from the average distance between a 
stream traversing a stratified-drift aquifer and 
the stratified-drift/till contact. The average 
half-width of stratified-drift aquifers in a sub- 
basin was used because base flow has been found 
to be controlled primarily by the percentage of 
stratified drift (Thomas, 1966). Bevans (1986) 
shows several examples of base-flow recessions.

9. Ground-water budgets and effective recharge 
were determined by local minima hydrograph- 
separation techniques (Pettyjohn and Penning, 
1979) on the basis of streamflow data from the 10 
continuous-record gaging stations (fig. ?).

10. Bulk hydraulic conductivities (K) were es 
timated on the basis of field descriptors of the 
grain-size distributions in geologic logs for each 
test well and sieve analysis data from 454 
samples obtained during drilling for this study 
and six other New Hampshire ground-water 
studies (Moore and others, 1994; Moore, 1990; 
Mack and Lawlor, 1992; Flanagan and Stekl, 
1990; J.D. Ayotte and others, U.S. Geological 
Survey, written commun., 1991). Hydraulic con 
ductivities of these samples were determined by 
use of an empirical relation developed by Olney 
(1983), where the effective size (dio in phi units) 
is used to predict the hydraulic conduclivity (K, 
in feet per day):

K = 2,100 X (10) -0.655d 10 (2)

Effective grain size is defined as tl e grain 
diameter such that 10 percent of the sample 
grains are smaller and 90 percent are larger than 
the effective grain size. The fine-grained part of 
a sample has a substantial effect on resistance to 
ground-water flow because of the attrrction of 
water molecules to particle surfaces (Hazen, 
1892) and because of the reduction of porosity 
and, hence, permeability, by the filling of pore 
space between large grains by small grains. The 
effective grain size of each of the 454 sediment 
samples was determined directly from cumula 
tive grain-size-distribution curves as determined 
by sieve analysis. The estimated hydraulic con 
ductivity falls within the range of values es 
timated by the other methods currently in use for 
estimating hydraulic conductivity from grain- 
size distributions (including Masch and Denny, 
1966; Bedinger, 1961; and Krumbein and Monk, 
1942). This method of estimating K provides bulk 
estimates and does not account for the directional 
hydraulic conductivity properties of an aquifer.

11. Aquifer yields were estimated for selected 
aquifers with the potential of supplying water for 
municipal use by means of an analytical ground- 
water-flow model (Mazzaferro and others, 
1979). The model incorporates image-well 
theory (Ferris and others, 1962) and the Theis 
nonequilibrium formula to solve the two-dimen 
sional ground-water-flow equation. Tl e model 
requires assumptions of homogeneous and



isotropic conditions and an initially flat water 
table. No-flow and recharge boundaries are in 
corporated by use of image-well theory. Maxi 
mum aquifer yields are constrained by 
availability of induced infiltration from streams 
and lakes, ground-water recharge, and draw 
down in the pumped well.

12. Surface-water-quality data were not collected 
for this study. Spatial distribution of surface- 
water-quality data was evaluated by use of desig- 
nated river classifications from the New 
Hampshire Department of Environmental Ser 
vices (New Hampshire Water Supply and Pollu 
tion Commission, 1973).

13. Ground-water samples were collected from 11 
observation wells (installed for this study) and 
were analyzed for common ions, trace metals, 
volatile organic compounds (VOC's), specific 
conductance, pH, water temperature, dissolved 
oxygen, and alkalinity. Additional water-quality 
data collected from 10 municipal-supply wells by 
the NHDES-WRD were incorporated into the 
data set. These data were used to assess the 
water-quality characteristics of ground water in 
the stratified-drift aquifers.

All water samples from USGS observation wells 
were analyzed by the USGS National Water Quality 
Laboratory. Water samples were collected and 
analyzed according to procedures described by Fish- 
man and Friedman (1989). Observation wells were 
pumped a minimum of three casing volumes before 
samples were collected. Temperature, specific con 
ductance, dissolved-oxygen concentration, and pH 
were monitored during pumping to ensure that 
ground water being sampled was representative of 
the aquifer.

Description of Study Area

The Contoocook River basin covers 766 mi2 of 
south-central New Hampshire and includes, in de 
scending order of land area, the counties of Mer- 
rimack, Hillsborough, Cheshire, and Sullivan 
(fig. 2). The altitude of the terrain ranges from 3,165 
ft at Mount Monadnock in the southwest part of the 
study area to 366 ft at Penacook in the northeast. 
The area is mostly rural and the towns and small 
cities within the study area are largely concentrated 
in river valleys.

The Contoocook River basin is bounded by ridges 
to the west and east and by gentle hills to the south 
and the north. Surface water drains to the north-

flowing Contoocook River (fig. 3). Major 
tributaries, in descending streamflow, include 
Blackwater River, Warner River, Beards Brook, 
Nubanusit River, and North Branch. The major 
tributaries drain eastward toward the Contoocook 
River. The Contoocook River and its major 
tributaries flow across valley-fill deposits that are 
generally less than 2 mi wide. Because periodic 
flooding was common in the narrow river valleys in 
the past, the U.S. Army Corps of Engineers installed 
several flood-containment structures including the 
Blackwater River reservoir and the Hopkinton 
reservoir and several dams along the Contoocook 
River at Henniker and Penacook. The strike of the 
Contoocook River valley coincides with the Mer- 
rimack synclinorium (Billings, 1956).

Valley-fill aquifers are composed of stratified 
drift. The surrounding uplands are composed 
primarily of till and bedrock. Stratified-drift river- 
valley aquifers along the major tributaries are dis 
continuous and form a succession of multiple 
aquifers at different altitudes from west to east. 
Stratified-drift river-valley aquifers along the Con 
toocook River are generally larger and more con 
tinuous than those along the major tributaries.

The climate of the Contoocook River basin, usual 
ly humid and temperate, is characterized by uniform 
monthly precipitation, warm summers, and cold 
winters. Mean monthly temperatures range from 
26.6 °F in January to 74 °F in July for the period of 
1962 through 1977 at Concord (fig. 3) (National 
Oceanic and Atmospheric Administration, written 
commun., 1989). In upland areas on the western 
flank of the basin, mean monthly temperatures are 
probably cooler because of orographic effects.

Precipitation is fairly uniform over the basin; an 
nual averages range from 42 in. at Concord to 46 in. 
at MacDowell Reservoir in Peterborough. These 
averages are based on records from 1955 
through 1989 for eight stations within ard around 
the study area (National Oceanic Atmospheric Ad 
ministration, written commun., 1989). Precipita 
tion-measurement stations are shown in figure 3.

Previous Investigations

A preliminary report by Cotton (1977) on the 
ground-water resources of the stratified drift for the 
entire Contoocook River basin indicated that the 
greatest potential for water supply was in coarse 
grained stratified-drift deposits in the Ccntoocook 
River valley. A site-specific investigation of the 
Peterborough south municipal well field was done as
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part of a Superfund study (Emtek Incorporated, 1989). 
Ground-water resources for the entire town of Peter 
borough were evaluated by Whitman and Howard, Inc. 
(1985). Other site-specific investigations were com 
pleted for the town of Jaffrey (Camp, Dresser, and 
McKee, 1977), for the town of Warner and for the town 
of Henniker (D.L. Maher Co., written commun., 1988 
and 1979). Several test wells were installed and aquifer 
tests were done for the town of Contoocook and for the 
town of Bennington (New Hampshire Water Supply and 
Pollution Control Division, written commun., 1989). 
The surficial geology of New Hampshire was examined 
by Goldthwait and others (1951).
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GEOHYDROLOGIC SETTING

By Richard Bridge Moore

Three types of aquifer materials in the study area 
are (1) stratified drift, which is a major source of 
ground water for towns and cities and is the focus of 
this study; (2) till, which locally can supply minor 
amounts of water for households; and (3) bedrock, 
which differs in yield from place to place but 
provides many households with water.

Stratified Drift

Stratified drift consists of stratified, sorted, 
dominantly coarse-grained sediments (sands and 
gravels) deposited by glacial meltwater at the time of 
deglaciation. Included as part of the stratified-drift

aquifers (fig. 3) are recent alluvial and windblown 
deposits, as well as deposits redistributed by the 
rapid drainage of glacial-ice-dammed lakes, in con 
tact with stratified drift. Hydraulic characteristics 
of these sediments that affect ground-water storage 
and flow are related to the glaciofluvial environment 
in which they were deposited. Stratified-drift 
deposits are composed of distinct layers of sedi 
ments with different grain-size distributions sorted 
according to the depositional environment. For ex 
ample, swiftly moving meltwater streams deposit 
coarse-grained sediments with large pore spaces be 
tween grains. If saturated, coarse-grained sedi 
ments form aquifers that are able to store and 
readily transmit ground water to wells. As 
meltwater slows, fine-grained sediments, including 
fine silts and clays, are deposited in lakes and ponds; 
these deposits do not readily transmit water to wells.

Lakes Dammed by Glacial Ice in the Contoocook 
Valley During Deglaciation

During deglaciation, the natural drainage to the 
north in the Contoocook River basin was obstructed 
by the ice margin, and lakes formed (Upham, 1897, 
p. 11-12). As the ice margin receded to the north, 
eight progressively lower lake outlets were exposed 
one by one, and the older lakes were drained rapidly 
to the levels of the newly exposed outlets.

The surfaces defining previous lake levels of the 
glacial lakes in the Contoocook River valley have 
been uplifted in response to the removal of the gla 
cial ice (isostatic rebound), the uplift being greater 
to the north-northwest. Projections of these pre 
vious lake surfaces now dip to the south-southeast. 
No studies have been made in the Contoocook basin 
to determine the exact slope of these projected lake 
surfaces; however, an estimate can be made by look 
ing at adjacent valleys to the east and to the west.

To the west of the Contoocook River basin, in the 
adjacent Connecticut River valley, a stabilized level 
of glacial Lake Hitchcock is indicated by 23 ice-con 
tact deltas and numerous other deltas that have not 
been modified by collapse and have topset-foreset 
contacts that fall along a single plane. This stable 
lake level indicates that the postglacial uplift of New 
England, which resulted from the melting of the con-
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tinental ice sheet, was delayed by at least 5,000 years 
(Koteff and Larsen, 1989). This plane, after the 
postglacial uplift, now dips about 4.8 ft/mi 
downward in the direction of about S. 21° E. (Koteff 
and Larsen, 1989). Likewise, projected lake-level 
surfaces of glacial lakes to the east in the Merrimack 
River valley (glacial Lakes Tyngsboro, Merrimack, 
and Hooksett) now slope 4.7-4.9 ft/mi downward to 
the south-southeast (Koteff and others, 1984). From 
this information, glacial lakes in the Contoocook 
River basin also are assumed to have had previous 
lake-level surfaces that now slope about 4.8 ft/mi to 
the south-southeast.

Areas covered by these glacial-ice-dammed lakes 
were estimated by projecting, from the outlet surface 
for each lake, that is 4.8 ft/mi upward to the north- 
northwest in order to determine where the shoreline 
would have been; that is, where this projected sur 
face intersects the current land surface. In this 
process, the northernmost ice-margin position was 
estimated as the northern shore of each lake. The 
lakes shown in figure 4 represent the maximum pos 
sible extent of each lake immediately before it began 
to drain. Subsequent drainage to a lower lake level 
resulted from the exposure of a new outlet.

The earliest of the glacial-ice-dammed lakes in the 
Contoocook River basin were small and formed near 
the southernmost divide as the active ice margin first 
began to recede northward through the study area. 
These small lakes (0.6 mi2 and 1.8 mi2) quickly be 
came filled with sediments as the water escaped out 
of the basin through outlets 1 and 2 in New Ipswich 
and Rindge, respectively (fig. 4).

A third glacial lake was slightly lower and formed 
as outlet 3 was exposed. It must have persisted until 
the ice margin receded northward and outlet 4 was 
exposed (fig. 4). At its maximum extent, this third 
glacial lake encompassed about 24 mi2 (less any 
areas where stagnant glacial-ice blocks may have 
remained grounded).

The exposure of outlet 4 in Greenfield (fig. 4) 
must have caused the lake level to drop quickly by 
about 70 ft. Presumably, the deeply eroded V- 
shaped channel at the outlet, which has been eroded 
into till and bedrock, was created by rapid drainage 
of the lake to this temporary base level.

Outlet 4 remained the spillway for the lake until 
the ice margin retreated a couple of miles north to 
potential outlets in Greenfield. The lowest point to 
the north in Greenfield along the existing drainage 
divide must have become the new control for the 
lake.

The new, lower outlet in Greenfield, outlet 5, 
would have drained the lake to a level about 130 ft

lower than the previous level at outlet 4. Outlet 5 
was complicated in that the drainage shifted from 
outlet 5a to 5b and finally to 5c (fig. 5). Initially, the 
lake would have had a till- and bedrock-controlled 
spillway at outlet 5a. Severe erosion is found along 
Rand Brook below this outlet (Carol Hildreth, Of 
fice of the New Hampshire State Geologist, personal 
commun., 1992). This erosion must have resulted 
from the lowering of the lake level from outlet 4 to 
outlet 5a. Following this initial drop in lake level, 
Rand Brook became blocked, presumably by glacial 
ice, and the lake rose until outlet 5b (fig. 5) control 
led the lake level. At that time, as the ice margin was 
still adjacent to outlet 5a, a delta was deposited 
across the small bay adjacent to outlet 5a (fig. 5). 
Once Rand Brook again became free of glacial ice, a 
new spillway (outlet 5c, fig. 5) formed between the 
till shore and the deltaic sand and gravel. As the ice 
margin receded further northward, this delta- 
formed spillway remained and controlled the lake 
level.

Ice-marginal deltas, formed sequentially over a 
distance of 18 mi to the north-northwest, were 
deposited in this lake. Deltas having tops that cor 
respond to a lake controlled by outlet 5 are found in 
Greenfield, Hancock, Antrim, Hillsborough, and 
Bradford. These deltaic deposits were deposited in 
a single, large glacial lake, according to Upham 
(1897). At its maximum extent, this lake would have 
covered about 83 mi 2 (less any area covered by stag 
nant-ice blocks) as compared to Lake Win- 
nipesaukee that currently (1992) covers 70 mi2.

The till and sand-and-gravel spillway in Green- 
field remained the outlet to the lake until the ice 
margin receded about 14 mi directly north and 
cleared Craney Hill in Henniker. The exposure of a 
new outlet 6 drained the lake through Weare. Lake 
levels would have dropped about 390 ft, and the lake 
would have greatly decreased in areal extent. This 
small lake, corresponding to outlet 6, would have 
been about 12 mi2 (less any areas covered by stag 
nant-ice blocks) at its maximum extent just before 
draining.

Evidence of severe erosion downstream from out 
let 6 has been observed in the Piscataquog River 
basin in Goffstown, where stratified drift in the river 
valley apparently has been removed and only iso 
lated remnant pockets of stratified drift remain (J.E. 
Cotton and J.D. Ayotte, U.S. Geological Survey, oral 
commun., 1991). A delta associated with the 
drainage of the large lake was deposited in the new 
12-mi lake. This delta, composed of reworked 
material, is found on the northern slope of Pats Peak 
in Henniker. Because of the water-bearing charac-
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teristics of this deposit, municipal wells for the town 
of Henniker were placed in the delta.

Outlet 6 remained the outlet to the lake until out 
let 7 (fig. 4) was exposed in Weare. This exposure 
would have been accompanied by another ap 
proximately 90-ft drop in lake level, as well as more 
erosion and redeposition down the Piscataquog 
River basin.

The channel at outlet 7 has been used and 
modified in recent years by the U.S. Army Corps of 
Engineers as an alternative outlet for the Hopkin- 
ton-Everett Reservoir. During flooding of the cur 
rent Contoocook River, water can be redirected 
down this modified spillway of an old glacial lake. 
At its maximum extent (just before draining), this 
glacial lake would have covered about 20 mi (less 
any areas covered by stagnant-ice blocks).

Outlet 7 remained the outlet to the 20-mi2 lake 
until outlet 8 (fig. 4) was exposed in Concord and the 
lake level dropped about 50 ft. This new spillway, 
composed of till, would have remained the outlet for 
the lake until it filled in with sediments and the lake 
level was lowered by erosion of the spillway. The 
course of the Contoocook River currently passes 
through what was once the outlet to the final lake 
that formed in the Contoocook River valley at the 
end of this long sequence of successively lower gla 
cial lakes. At its maximum extent, this final lake 
probably covered about 7 mi .

Depositional Environment

The deglaciation process, and the location of gla 
cial lakes during deglaciation, had a pronounced ef 
fect in determining the types of stratified-drift 
aquifers within the study area. Deglaciation was 
probably a systematic process of retreat with pos 
sible minor local readvances (Koteff and others, 
1984). The presence of glacial lakes resulted in del 
tas and other lake deposits.

The primary aquifers in the study area are found 
in areas of former glacial-ice-dammed lakes. The 
aquifers consist of the ice-contact deltas, other del 
tas, eskers, and redistributed sediments resulting 
from the rapid draining of the lakes and, perhaps, by 
postglacial processes (fig. 4). The coarsest 
stratified-drift deposits in these areas are ice-con 
tact deltas and eskers. Some of the deltas appear to 
have been fed by meltwater coming from esker tun 
nels within the ice. Deltas associated with feeder 
eskers are found in Hopkinton, Hancock, Green- 
field, and New Ipswich. Narrow valleys within the 
bedrock surface, buried beneath parts of many of

these ice-contact deltas, are found in Hancock and 
Peterborough. These valleys may have been caused 
by erosion of the bedrock surface by glacial ice or 
subglacial meltwater before the deposition of the 
deltas. Saturated thicknesses are considerable at 
well sites above these valleys.

In the valleys in the northern part of the study 
area, drainage typically would not have been 
obstructed by the ice margin. Only small lakes 
would have formed there, where meltwater flowing 
from the glacier was dammed by till or bedrock, or 
where small northward-draining valleys were iced 
dammed. The largest of the lakes not held in by ice 
was in the area draining to outlet 8 (fig. 4). Above 
the areas inundated by glacial lakes, deglaciation 
resulted in morphosequences with eskers, kames, 
and outwash deposits, some of which grade into lake 
deposits. Examples of these types of aquifers are 
found in Warner, Bradford, Sutton, New London, 
and Andover.

Eskers are long ridges of sand and gravel 
deposited in the meltwater channels within the zone 
of ice stagnation during deglaciation. Eskers are 
found in Henniker, Hopkinton, Hillsborough, Han 
cock, Greenfield, Bennington, and New Ipswich. 
Where there is a significant saturated thickness, es 
kers commonly are good aquifers. Eskers and kames 
are also commonly found within areas inundated by 
the glacial lakes. Kames are low mounds, knobs, 
hummocks or short irregular ridges of sand and 
gravel deposited by glacial meltwater; the precise 
mode of formation is uncertain. Kames are located 
throughout the study area. Outwash consists of 
stratified deposits chiefly of sand and gravel 
removed or "washed out" from a glacier by meltwater 
streams and deposited beyond the margin of a 
glacier; usually in gently sloping outwash surfaces. 
Outwash surfaces include areas in Warner, Webster, 
Bradford, Andover, and New London.

Till

Till an unsorted mixture of clay, silt, sand, gravel, 
and rock fragments is deposited directly by glacial 
ice. In the study area, till is discontinuous on the 
bedrock surface and is generally thin. The types of 
till commonly found in the study area are an upper, 
brownish, presumably oxidized till, underlain by a 
compact grayish till. The upper brownish till in 
many localities is an ablation till composed of loosely 
consolidated rock debris formerly carried by glacial 
ice. Ablation tills accumulated as glacial ice was 
removed by ablation. The lower compact till in many
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localities is a lodgement till, originally deposited 
beneath the moving glacial ice. The thickest se 
quences of till are composed of lodgement till in 
drumlins. Generally in New Hampshire, till lies 
directly on bedrock.

Till generally is considered to be a minor source 
of ground water because of its low transmissivity. 
Large-diameter dug wells in till can provide modest 
amounts of water for household needs, but water- 
level fluctuations within till can be quite large, and 
dug wells can dry up during dry seasons. Ablation 
tills containing lenses of stratified sand and gravel 
are the most productive till deposits. Because 
sorted stratified drift and ablation tills can grade 
into one another, the distinction between the two 
material types is not always clear.

Bedrock

The Contoocook River basin is underlain by 
bedrock associated with the Kearsarge-Central 
Maine Synclinorium (Lyons and others, 1986). This 
major structural belt trends generally north-north 
east to south-southwest. The synclinorium contains 
metamorphic rocks of Devonian and Silurian age. 
Also included are younger Devonian plutonic rocks 
of the New Hampshire Plutonic Series (Billings, 
1956).

Ground water is found in fractures within these 
rocks. The capacity of the bedrock to store and 
transmit ground water is limited by the number, size, 
and degree of fracture interconnection. Wells that 
tap bedrock commonly yield small supplies of water 
that are generally adequate for individual 
households. In areas where the bedrock is exten 
sively fractured, high yields can be obtained. Six 
municipalities in New Hampshire, all outside the 
study area, have wells in crystalline bedrock that 
yield 0.5 Mgal/d or more (U.S. Geological Survey, 
1985). Within the study area, yield, data stored in 
the GWSI data base from 1,585 wells finished in 
bedrock, ranged from 0 to 200 gal/min (0.29 Mgal/d) 
at well ANW-37 (pi. 1). Only 15 of these wells have 
yields greater than or equal to 100 gal/min 
(0.14 Mgal/d).

AVAILABILITY AND USE OF WATER

The sole source of water to the Contoocook River 
basin is precipitation, which either returns to the 
atmosphere by evaporation; flows overland to 
streams, ponds, or swamps within the area; or in

filtrates the soil. Some infiltration is stored tem 
porarily as soil moisture and is subsequently 
returned to the atmosphere by evaporation, 
transpiration from plants, or seepage into surface- 
water bodies. The remainder percolates downward 
through the porous rock materials to the water table, 
where it becomes ground water. Ground water can 
reside in the saturated zone for many years, but it 
can return to the atmosphere by evapotranspiration 
and (or) by seepage to surface-water bodies. 
Ground water can also be captured during pumping 
from aquifers.

In summary, precipitation cycles through the 
basin in several ways: (1) It is released to the atmos 
phere by evapotranspiration, (2) It is consumed by 
various human activities, and (or) (3) It drains from 
the area as runoff. Runoff is of two basic types: 
surface runoff and subsurface, or ground-water 
runoff. Surface runoff includes the direct runoff of 
precipitation that travels over the soil surface to the 
nearest surface-water body. Subsurface runoff con 
sists of ground-water that seeps to surface-water 
bodies. Some used water is returned to the 
hydrologic system from wastewater-treatment 
facilities Jaffrey, Peterborough, Henniker, Hopkin- 
ton, Hillsborough, Antrim, Bennington, and Warner.

Except for negligible amounts of water diverted to 
other drainage basins, nearly all water draining from 
the Contoocook River basin is measured as 
streamflow at the USGS streamflow-gaging station 
on the Contoocook River at Penacook (01088000, 
fig. 3). The mean annual streamflow at Penacook on 
the basis of 1930-77 streamflow data is 1,240 ft 3/s or 
801 Mgal/d (the water supply for the Contoocook 
River basin). The 7-day, 10-year low flow (lowest 
mean streamflow not exceeded during 7 consecutive 
days with an average recurrence interval of 10 years) 
is 94.0 ftVs or 60.8 Mgal/d. The 7-day, 10-year low 
flow is an index used to predict minimum water yield 
during dry periods.

Surface Water

Municipal surface-water withdrawals and storage 
for the major surface-water bodies in the basin are 
listed in table 2. Total municipal surface-water 
withdrawal in 1990 was 1.51 Mgal/d (New 
Hampshire Department of Environmental Services, 
Water Resources Division, written commun., 1991). 
An additional 0.63 Mgal/d was withdrawn for in 
dustrial use, resulting in a total surface-water 
withdrawal of about 2.2 Mgal/d or 3.4 ft3/s from the
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Table 2. Municipal surface-water withdrawals by towns in the Contoocook River basin

[Data from the New Hampshire Department of Environmental Services, Water Supply and Pollution Control 
Division and Water Resources Division; Mgal/d, million gallons per day;  , no data]

Town

Andover

Antrim

Boscawen

Concord

Hancock

Hillsborough

Hopkinton

Jaffrey

Jaffrey

New London

Peterborough

Warner

Surface-water 
body

Bradley Lake

Campbell Pond

Walker Pond

Contoocook River

Juggernaut Pond

Loon Lake

Bear Pond

Bullet Pond

Poole Reservoir

Morgan Pond

Cunningham Pond

Silver Lake

Average 
daily with 
drawals in 

1,000 Mgal/d

0.077

.000

.314

.011

.056

.478

.111

.125

.101

.189

.000

.050

Area 
in 

acres

169.4

17.3

190.5
--

17.4
 

49.0

40.0

3.0

25.0

3.0

4.0

Volume of 
surface- 

water body 
Mgal/d

 

39.0
 

 

35.0

155.8
-

83.0

6.7

4.5

66.0
--

entire basin. The location of major surface-water 
resources is shown in figure 6.

Ground Water

Base flow constitutes 65 percent of streamflow in 
the Contoocook River basin as determined by use of 
local minima hydrograph-separation techniques and 
streamflow data from 1930-77 for the Contoocook 
River at Penacook (station 01088000). Average an 
nual ground-water discharge is 806 ft3/s (521 
Mgal/d) or 65 percent of the total average annual 
streamflow (1,240 ft3/s). Reported ground-water 
withdrawals from major municipal users (New 
Hampshire Department of Environmental Services, 
Water Resources Division, 1991) is only a small part 
of the available ground-water recharge (table 3). 
The locations of the principal water-supply wells are 
shown in figure 6.

Stratified-drift aquifers supply most (97 percent) 
of the municipal ground-water withdrawals in the 
Contoocook River basin, more than 2.31 ft3/s or 1.49 
Mgal/d (M.A. Horn, U.S. Geological Survey, written 
commun., 1991). Reported withdrawals from

stratified-drift municipal-supply wells are given in 
table 4. Reported yields from stratified-drift 
aquifers exceed 500 gal/min at seven wells in the 
basin. Wells with yields that exceed 500 gal/min are 
typically in the Contoocook River valley. The dis 
tribution of well yields in the basin shows that most 
wells yield between 10 and 50 gal/min (fig. 7).

GEOHYDROLOGY OF STRATIFIED- 
DRIFT AQUIFERS

In New England, streamflow duration is affected 
by the relative proportion of stratified drift within 
the drainage area (Thomas, 1966); the greater the 
percentage of stratified drift, the greater the sus 
tained low flows. Because of the importance of 
stratified-drift aquifers as regional sources of water, 
a discussion of their characteristics follows.

Geohydrology of stratified-drift aquifers was 
described by (1) mapping aquifer boundaries, defin 
ing aquifer thickness, and estimating transmissivity, 
and (2) compiling water-level data to show general 
ized directions of horizontal ground-water flow. 
Sources of data used in the investigation include
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Table 3.  Municipal ground-water withdrawals from stratified-drift aquifers by towns

in the Contoocook River basin

[Mgal/d, million gallons per day; gal/min, gallons per minute; GP, gravel packed;  , no data available; 
Modified from New Hampshire Water Supply and Pollution Control Commission (1983)]

Town

Bennington

Hancock

Henniker

Henniker

Henniker

Hopkinton 

Jaffrey

Jaffrey 

Peterborough

Peterborough

Peterborough

Peterborough

Warner

Well 
number

BNW-10

HGW-29

HMW-20

HMW-21

HMW-12

HUW-31 

JBW-43

JBW-44 

PCW-66

PCW-71

PCW-126

PCW-125

WCW-20

Local 
well 
name

GP1
 

GP1

GP2

Foster well

Briar Hill 

GP East Main

GP Control 

GP North

GP South

GP Summer

GP Tarbell

GP1

Average daily 
withdrawals 

in Mgal/d

20.242
 

2.120

.120

.000

2.031 

2 .290

.079 

2 .278

.000

.185

.000

.000

Pumping 
rate 

gal/min, 
per well1

875
--

 

 

326

134 

410

350 

520
~

350
 

--

Unpublished data on file at the Bow, N.H. office of the U.S. Geological Survey.
s\

Data from Water Resources Division, New Hampshire Department of Environmental Services, written 
commun., 1991.

soils maps, surficial geologic maps, records of wells 
and test borings, seismic-refraction profiles, and 
streamflow records. The study area is subdivided 
into two parts on plates 1-4 at a scale of 1:48,000 
(fig. 2). Boundaries of the plates were chosen to 
avoid subdividing the aquifers. The northern part 
contains the Blackwater, Warner, Main Stem North- 
Central and Main Stem North subbasins (pis. 1 and 
3). The southern part contains the Beards Brook, 
North Branch, Main Stem South-Central, Nubanusit, 
and Main Stem South subbasins (pis. 2 and 4). 
Aquifer boundaries, data-collection locations, and 
water-table contours are shown on plates 1 and 2. 
Saturated thickness and transmissivity are shown on 
plates 3 and 4.

Most of the stratified-drift aquifers in the Con 
toocook River basin are unconfined. Some aquifers 
are locally confined. Confined aquifers consist of 
basal coarse-grained deposits in river valleys in the

towns of Antrim and Hopkinton along the Con 
toocook River valley.

Areal Extent

Locations of the lateral boundaries of an aquifer 
were defined as the contact between stratified drift 
and till or bedrock valley walls. Location of the 
contact was determined by use of surficial geologic 
maps, well logs, information on soils maps, and map 
ping of aquifer boundaries. The bottom boundaries 
of stratified-drift aquifers are to the upper surface of 
till or bedrock determined from surface geophysics, 
test borings, or well records.

The Contoocook River basin is underlain by 
121 mi2 of stratified drift an area equal to ap 
proximately 16 percent of the basin. The areal extent 
is shown in plates 1 and 2. Most of these deposits are
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Figure 7.-Distribution of well yields from stratified-drift aquifers in the Contoocook River basin.

along the main stem of the Contoocook River. Be 
cause of the regional scale of the investigation, 
aquifer boundaries are approximate. Site-specific 
investigations may require more accurate delinea 
tion of aquifer boundaries than those presented on 
plates 1 and 2.

Saturated Thickness

Saturated thickness of an unconfined stratified- 
drift aquifer is the vertical distance between the 
water table and the bottom of the aquifer. Saturated 
thickness of a confined stratified-drift aquifer is the 
vertical distance between the overlying and underly 
ing confining units. In unconfined aquifers, the 
upper aquifer boundary (the water table) is dynamic 
and typically fluctuates within 7 ft. The lower 
aquifer boundary (the aquifer bottom) is the contact 
between the aquifer and till or bedrock. In some 
places, the aquifer bottom is the contact between 
coarse-grained deposits and the underlying silts and 
clays; however, the exact thickness of underlying 
fine-grained deposits is not always known, so that 
the thickness contours shown on plates 3 and 4 in 
clude underlying silts and clays. Saturated-thick

ness contours (pis. 3 and 4) were drawn from well- 
log data (Appendixes A and B) and seismic-refrac 
tion survey profiles (Appendix E1-E17).

Saturated thickness of the stratified drift ranges 
from 0 to approximately 230 ft. Stratified drift is 
thickest in Hancock next to Norway Pond but is also 
thick along the main stem of the Contoocook River 
in Deering and in Henniker (pis. 3 and 4). Saturated 
thickness exceeds 120 ft in the following locations: 
(1) Greenfield; (2) Andover, along the Blackwater 
River by Horseshoe Pond; (3) Warner, along the 
Warner River by Tom Pond; and (4) Sutton, along 
the headwaters to Cascade Brook (a tributary to the 
Blackwater River). In general, maximum saturated 
thickness is found in deep, narrow, erosional 
bedrock channels. Saturated thickness is generally 
less than 40 ft in deposits at elevations above 850 ft 
above sea level.

Ground-Water Recharge and Discharge

Sources of ground-water recharge to stratified- 
drift aquifers include infiltration of precipitation, 
lateral inflow at the aquifer boundary from till- 
covered and bedrock upland areas, runoff from un-
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channeled upland areas, and streamflow losses to 
the aquifer. Return flows from septic fields con 
tribute minor amounts of ground-water recharge. 
Effective ground-water recharge the component of 
ground-water recharge available for water supply 
and management incorporates the effects of 
ground-water evapotranspiration and water loss 
(consumptive water use). Effective ground-water 
recharge equals ground-water discharge to streams.

Recharge from infiltration of precipitation falling 
onto stratified-drift aquifers may be a significant 
part of the total ground-water recharge to the basin 
even though till and bedrock cover 83 percent of the 
total land area. Studies of glaciated terrains in the 
northeast have found that the recharge of ground- 
water in stratified-drift aquifers is approximately 
one-half of the annual precipitation (MacNish and 
Randall, 1982). Precipitation falling directly on ex 
posed sand or gravel can infiltrate and percolate to 
the water table with little runoff or evapotranspira 
tion (Mazzaferro and others, 1979). The maximum 
potential average annual recharge from infiltration 
of direct precipitation onto the aquifer is 121 
Mgal/d; if one-half of the average annual precipita 
tion falling on stratified-drift deposits is assumed to 
recharge ground water. The average annual 
precipitation was determined from precipitation 
data (1930-77) at a weather station in Concord, N.H. 
(National Oceanic and Atmospheric Administra 
tion, written commun., 1989). If the maximum 
potential average annual recharge rate is achieved, 
approximately 23 percent of the average annual 
available ground-water discharge to the basin (521 
Mgal/d) may come from the stratified drift.

Stratified-drift aquifers also receive recharge 
from adjacent till and bedrock uplands. Recharge 
from uplands varies during the year and depends on 
the distribution of precipitation and snowmelt 
runoff. Runoff from upland areas not drained by 
perennial streams may recharge the stratified-drift 
aquifer by lateral flow at the contact with till or 
bedrock. Streams that originate in uplands can lose 
water through seepage as they flow from the uplands 
onto permeable stratified-drift deposits in the valley.

The effective recharge from lateral flow of ad 
jacent till and bedrock uplands to stratified-drift 
aquifers may contribute as much as an additional 10 
in/yr along the boundary of stratified-drift aquifers. 
The effective recharge was determined by use of a 
local-minima hydrograph-separation technique 
(Pettyjohn and Henning, 1979) on streamflow data 
from water year 1988 for Stony Brook (station 
01093800) near Temple, N.H. Stony Brook drains a 
small upland basin of till and bedrock. This

recharge rate may be typical of adjacent upland 
areas of till and bedrock to stratified-drift aquifers 
in the Contoocook River basin because of 
similarities in physiography. Runoff was in the nor 
mal range for water year 1988 (Blackey and others, 
1989).

Recharge to sand and gravel aquifers from 
streams that lose water to the aquifer through per 
meable streambeds was documented by Randall 
(1978) in New York, by Morrissey and others (1989) 
in New Hampshire and Pennsylvania, and by Harte 
and Mack (1992) in New Hampshire. Recharge can 
occur from upland-draining tributary streams enter 
ing stratified-drift aquifers at the contact between 
adjacent upland areas of till-bedrock river valleys 
and stratified-drift aquifers. Rates of recharge of 
2.0 X 10"3 ft 3/s per foot of stream length were 
detected by Harte and Mack (1992) in their study of 
a stratified-drift river-valley aquifer in Milford, N.H. 
Streamflow loss was observed along Ferguson Brook 
in Hancock (pi. 2) and along the main stem of the 
Contoocook River in Henniker (pi. 1).

Ground-water discharge from the aquifer primari 
ly includes, but is not limited to, seepage into 
streams, lakes, wetlands, and springs; evapotrans 
piration; and pumpage from wells. During periods 
of low streamflow, generally in late summer and 
early fall after several days without rainfall, 
streamflow consists primarily of ground-water dis 
charge. Streamflow measurements were made 
throughout the study area (pis. 1 and 2) during base 
flow on June 9, 1989, and during September 29-Oc- 
tober 3, 1988 (table 4). These measurements were 
used to estimate the distribution of effective 
recharge in the basin on the basis of the assumption 
that ground-water discharge equals the effective 
ground-water recharge.

Ground-Water Flow and Water-Level 
Fluctuations

Generalized horizontal and vertical directions of 
flow in an idealized stratified-drift, river-valley 
aquifer are shown in figure 8. Ground water that 
recharges the aquifer generally moves from an 
aquifer boundary or ground-water divide and dis 
charges as streamflow. Water that enters the aquifer 
farther from its point of discharge follows a deeper 
path through the aquifer than water that enters near 
a discharge point (fig. 8). Ground-water 
withdrawals can alter directions of natural flow in a 
valley-fill aquifer.
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Table 4. Low-flow data from streamflow-measurement sites in the Contoocook River basin 

[mi2, square mile; ft3/s, cubic foot per second; mi, mile; ft, foot; --, no data]

Measurements

Stream Tributary to
Drainage 

area Station1 
(mi2)

Date Discharge 
(ft3/s)

Flow 
duration2 
(percent)

Main Stem South Subbasin

Contoocook River

Gridley River

Town Line Brook

Contoocook River

Figler Brook

Mountain Brook

Mountain Brook

Town Line Brook

Town Line Brook

Town Line Brook

Farm Brook

Farm Brook

 

Contoocook 
River

Contoocook 
River

--

Contoocook 
River

Contoocook 
River

Contoocook 
River

Contoocook 
River

Contoocook 
River

Contoocook 
River

Contoocook 
River

Contoocook 
River

JAF-1

JAF-2

JAF-3

JAF-5N

JAF-6N

JAF-7N

JAF-8N

PET-IN

PET-2N

Sha-3N

68.1 01082000

68.1 01082000

06-09-88 
09-29-88

09-29-88

09-29-88

06-09-88

06-09-88

06-09-88

06-09-88

06-09-88

06-09-88

06-09-88

06-09-88

09-29-88

12.0
4.2

2.1

1.8

3.0

.77

.2

2.5

1.81

.64

5.2

21.0

19.1

;;
 

 

 
 

--

 

 

 

--

90

92

Nubanusit Subbasin

Stanley Brook

Stanley Brook

Nubanusit River

Nubanusit River

Nubanusit 
River

Nubanusit 
River

Contoocook 
River

Contoocook 
River

NUB-3

NUB-2

NUB-1

46.9 01083000

09-29-88

09-29-88

09-29-88

09-29-88

1.6

5.7

35.7

42.0

--

 

--

82
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Table 4. Low-flow data from streamflow-measurement sites in the Contoocook River basin Continued

Measurements

Stream Tributary to
Drainage 

area Station1 
(mi2)

Date
Flow 

Discharge duration2 
(ft3/s) (percent)

North Branch Subbasin

North Branch River Contoocook 
River

54.8 01084000 09-29-88 28.9 81

Beards Brook Subbasin

Shedd Brook

Beards Brook

Unnamed Brook

Unnamed Brook

Beards Brook

Beards Brook

Beards 
Brook

Contoocook 
River

Beards 
Brook

Beards 
Brook

Contoocook 
River

Contoocook 
River

BB/NB-2

BB/NB-1E

BB/NB-1D

BB/NB-1B

BB/NB-1A

55.4 01084500

09-29-88

09-29-88

09-29-88

09-29-88

09-28-88

09-29-88

8.0

1.7

.1

.23

4.3

12.6 77"

Main Stem South-Central Subbasin

Otter Brook

Unnamed Brook

Otter Brook

Hosley Brook

Unnamed Brook

Ferguson Brook

Sand Brook

Unnamed Brook

Unnamed Brook

Unnamed Brook

Sand Brook

Contoocook 
River

Otter Brook

Contoocook 
River

Ferguson 
Brook

Ferguson 
Brook

Contoocook 
River

Contoocook 
River

Sand Brook

Sand Brook

Sand Brook

Contoocook 
River

PET-2B

PET-2C

PET-2A

PET- IB

PET-1C

PET-1A

PET-5D

PET-5E

PET-5C

PET-5B

PET-5A

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

0.05

.07

2.1

.2

.37
1

.32

.26

.012

.01

.08

1.7
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Table 4.~Low-flow data from streamflow-measurement sites in the Contoocook River basin Continued

Measurements

Stream

Contoocook River

Tributary to

Main

~

Drainage 
area Station 1 
(mi2)

Date
Flow 

Discharge duration2 
(ft3/s) (percent)

Stem South-Central Subbasin  Continued

368 01085000 09-29-88 106 87

Main Stem North-Central Subbasin

Contoocook River - 427 01085500 09-29-88 91 90

Box Corner Subbasin

West Branch River

Unnamed Brook

West Branch River

Warner
River

West Branch
River

Warner
River

WAR-5C

WAR-5B

5.75 01085800

09-29-88

09-29-88

09-29-88

0.05

.02

.73 86

Warner Subbasin

Unnamed Brook

West Branch River

Andrew Brook

Morse Brook

Ring Brook

Andrew Brook

Kings Brook

Unnamed Brook

Thistle Brook

Lane River

Stevens Brook

West Branch
River

Warner
River

Warner
River

Andrew
Brook

Andrew 
Brook

Warner
River

Lane River

Lane River

Lane River

Warner
River

Warner
River

WAR-2B

WAR-2A

WAR-1C

WAR-IB

WAR-ID

WAR-1A

WAR-4B

WAR-4C

WAR-4D

WAR-4A

WAR-3

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

09-29-88

0.06

1.73

.73

.05

.55

2.33

.12

1.21

.04

1.22

1.01
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Table 4.--Low-flow data from streamflow-measurement sites in the Contoocook River basin Continued

Measurements

Stream Tributary to
Drainage 

area Station1 
(mi2)

Date Discharge 
(ft3/s)

Flow 
duration2 
(percent)

Warner Subbasin--Continued

Warner River Contoocook
River

146 01086000 09-29-88 30.8 92

Blackwater Subbasin

Blackwater River

Blackwater River

Ragged Mountain 
Brook

Hameshop Brook

Blackwater River

Mountain Brook

Blackwater River

Blackwater River

Contoocook
River

Contoocook
River

Blackwater 
River

Blackwater 
River

Contoocook
River

Blackwater
River

Contoocook
River

Contoocook
River

BLK-2A

BLK-3K

BLK-3J

BLK-3L

BLK-3M

BLK-3F

BLK-3A

129 01087000

10-02-88

09-30-88

10-02-88

10-02-88

10-03-88

10-03-88

10-03-88

09-29-88

7.7

10.2

.06

.22

12.2

1.12

17.8

33.0

_

 

-

 

._

 

 

96

Main Stem North Subbasin

Blackwater River

Deer Meadow Brook

Dolf Brook

Contoocook River

Contoocook
River

Contoocook
River

Contoocook
River

 

PEN-2A

DEER-MEA

Dolf Brook

766 01088000

09-30-88

10-03-88

10-03-88

-

31.4

1.7

.01

3 195

_

 

_

390

See location on plate 1 or 2.

Percentage of time that the listed discharge is equaled or exceeded.

Estimated from streamflow duration curve assuming streamflow duration similar to streamflow duration 
at gaging station 01085500.
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Contact between 
stratified drift 
and till

NOT TO SCALE

Figure 8. Generalized hydrologic cycle and ground-water-flow patterns in a typical stratified-drift, 
river-valley aquifer (Modified from Morrissey, 1989, fig. 2).

Generalized water-table altitudes and directions 
of ground-water flow for selected aquifers are shown 
on plates 1-2. In general, regional flow follows the 
direction of streamflow and natural drainage. Plates 
1 and 2 were constructed from water levels measured 
during summer and fall 1989 in wells drilled for this 
investigation and from water levels measured at 
various times in other wells (data from well logs filed 
at the New Hampshire Department of Environmen 
tal Services; Cotton, 1977; and from other miscel 
laneous measurements). The water-table contours 
are considered to be generalized because (1) 
ground-water-level data for constructing the maps 
were collected at different times, (2) ground-water- 
level data were augmented with altitudes of surface 
water from USGS topographic maps, and (3) 
ground-water levels were measured in wells 
screened at various intervals within the stratified 
drift; therefore, water levels may not represent the 
true altitude of the water table but, rather, a poten- 
tiometric surface that is affected by the three-dimen 
sional nature of the ground-water-flow system. 
Ground-water levels may also be locally affected by 
confined conditions. For these reasons, a 20-ft con 
tour interval was used.

Fluctuations in ground-water levels in the 
stratified-drift aquifers result from changes in

ground-water storage. In general, ground-water 
levels increase during the spring when recharge ex 
ceeds discharge (fig. 9). In contrast, ground-water 
levels decrease during the summer and fall when 
discharge exceeds recharge.

Water-levels generally fluctuate less than 7 ft in 
the stratified drift. For example, annual fluctuations 
in the ground-water-level hydrographs (fig. 9) for 
well NLW-1, which taps till deposits in New London, 
are about 5 ft during 1947-90. Fluctuations are 2 to 4 
ft during 1965-90 for well VVCW-1, which taps 
stratified-drift deposits in Warner. These fluctua 
tions are similar to those observed by Cotton (U.S. 
Geological Survey, written commun., 1991), Toppin 
(1987), and Moore and others (1994).

Ground-water levels measured from 1987 through 
1990 are near normal levels except during spring 
1989. Water levels measured during spring 1989 
were at or below previously observed minimum 
water levels (fig. 9).

Hydraulic Characteristics

Estimates of hydraulic conductivity from the 454 
stratified-drift samples collected throughout 
southern N.H. were statistically analyzed, and the
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Figure 9.-Hydrographs of ground-water levels at wells WCW-1 in Warner, NLW-1 in New London,
and CVW-4 in Concord.
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results are given in table 5 (See "Approach and 
Methods," p. 2). The data were divided into three 
categories well sorted, medium sorted, and poorly 
sorted on the basis of the inclusive graphic stand 
ard deviation (Folk, 1974, p. 46). "Well sorted, 
medium sorted, and poorly sorted" are relative terms 
used here specifically in characterizing New 
Hampshire glaciofluvial sands and gravels. A 
sample with a standard deviation less than 1.25 phi 
units is considered to be well sorted for New 
Hampshire glaciofluvial sands and gravels. A 
sample with a standard deviation of 1.25 to 1.75 phi 
units is medium sorted, and a sample with a standard 
deviation greater than 1.75 is poorly sorted. Regres 
sion analyses were done separately for each of these 
three categories, where median grain size was the 
independent variable and estimated hydraulic con 
ductivity was the dependent variable (Moore and 
others, 1994).

Aquifer transmissivity was calculated primarily by 
assigning values of hydraulic conductivity to 
lithologic-log descriptions by use of the relation es 
tablished in table 5. Hydraulic conductivities as 
signed from grain sizes were summed over the 
saturated thickness of the aquifer to obtain reported 
transmissivities (pis. 3 and 4). These data were used 
to construct the transmissivity maps shown on plates 
3 and 4. Transmissivity can differ significantly over 
short distances (pis. 3 and 4) because of the 
heterogeneous nature of stratified-drift aquifers. 
Therefore, the values shown on plates 3 and 4 are 
approximated and represent a bulk average. In ad 
dition, hydraulic conductivity has directional 
properties that are not accounted for by assigning 
hydraulic conductivity from grain sizes.

Bulk transmissivities for depositional units within 
in the Contoocook River basin range from less than 
500 ft2/d to more than 10,000 ft 2/d (pis. 3 and 4). 
High-transmissivity (greater than 4,000 ft2/d) 
aquifers are associated with deltaic ice-contact 
deposits and eskers (pis. 3 and 4). High-transmis 
sivity aquifers are not areally extensive. Low-trans- 
missivity (less than 4,000 ft 2/d) aquifers are 
associated with glaciolacustrine deposits throughout 
much of the northern Contoocook River valley 
(pi. 4).

Transmissivities estimated from aquifer tests are 
summarized by subbasin in table 6. Values from 
table 6 were reported from a variety of sources and 
determined by use of a variety of analytical methods 
(Bentall, 1963; McClymonds and Franke, 1972; 
Theis, 1935; and Jacob, 1940). Some bias of values, 
either high or low, may have been introduced be 
cause of testing procedures (for example, water-

level response to slug tests on small diameter wells 
may have resulted in low hydraulic-conductivity es 
timates). Some transmissivities from aquifer tests 
may not represent the true intrinsic permeability of 
the aquifer because of inducement of surface-water 
infiltration, which would exaggerate estimated trans 
missivities.

Transmissivity data estimated from aquifer tests 
(table 6) were used to evaluate the validity of assign 
ing hydraulic conductivities to grain-size descrip 
tions for specific depositional units (table 5) at sites 
with both lithologic description and hydraulic tests. 
In general, transmissivity estimates from grain-size 
analysis for specific depositional units have a smaller 
variance than the transmissivity estimates from 
aquifer tests, but the different methods give com 
parable values. A similar conclusion was reached by 
Harte and Mack (1992).

Transmissivity (reported from aquifer tests) 
ranges from less than 10 to 64,000 ft2/d within the 
study area (table 6). Transmissivity estimated from 
aquifer tests of 41 wells ranged from less tl an 1,000 
ft 2/d at 8 wells to more than 10,000 ft2/d at 10 wells; 
transmissivity in 23 wells ranged from 1,000 to 
10,000 ft 2/d. Transmissivity is highest in aquifers 
along the upper and central reaches of the Con 
toocook River valley in the Main Stem South-Central 
subbasin (figs. 2 and 3). Areas of a high transmis 
sivity are associated with depositional units 
deposited in high energy glaciofluvial and 
glaciolacustrine environments. Most high transmis 
sivity areas are deltas or eskers. The areal distribu 
tion of transmissivity reported from aquifer tests 
generally agree with transmissivities from grain-size 
analyses shown in plates 3 and 4.

A storage coefficient value of 0.2 is commonly 
used for specific yield for stratified-drift aquifers in 
New England (Moore and others, 1994) and for un- 
consolidated deposits in other areas (Freeze and 
Cherry, 1979). Laboratory determination of specific 
yield for 13 lithologic samples from southern New 
Hampshire ranged from 0.14 to 0.34 and averaged 
0.26 (Weigle and Kranes, 1966).

Water released from storage in confined aquifers 
results from expansion of water and from compres 
sion of the aquifer as hydraulic head declines. 
Storage coefficients for confined aquifers are sig 
nificantly smaller than specific yields because water 
is largely derived from expansion and aquifer com 
pression and not gravity drainage; storage coeffi 
cients range from 0.00005 to 0.005. Most references 
on aquifer tests in the study area did not contain 
sufficient data for calculation of storage coefficients 
and, therefore, storage coefficients are not reported.
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Table 6.--Transmissivity estimates from reported hydraulic tests and reported transmissivities from
grain-size analyses in the Contoocook River basin

[ft2/d, foot squared per day; --, no data]

Subbasin Well

Main Stem South JBW-43
JBW-32
JBW-44
JBW-46
JBW-33
JBW-34
RGW-107
PCW-71
PCW-36
PCW-38
PCW-40
PCW-42

Town

Jaffrey
Jaffrey
Jaffrey
Jaffrey
Jaffrey
Jaffrey
Rindge
Peterborough
Peterborough
Peterborough
Peterborough
Peterborough

Transmissivity
(ft 2/d)
2,300

180
1,500
2,900

75
4,500
1,200
7,300

C 10,800
C8,200
C9,200

C 13,600

Method 
code3

3
6
3
3
6
6
1
4

4,5
4,5
4,5
4,5

Source 
of 

information6

1
10

1
1
3
3
1
3
4
4
4
4

Nubanusit 

North Branch 

Beards Brook

Main Stem 
South-Central

Main Stem 
North-Central

HGW-29
PCW-66
PCW-57
PCW-59
PCW-50
PCW-51

PCW-52
PCW-53
GSW-30
GSW-75
GSW-74
BNW-44
BNW-10
HOW-15

HMW-12
HMW-20

Hancock
Hancock
Hancock
Hancock
Hancock
Hancock

Hancock
Hancock
Greenfield
Greenfield
Greenfield
Bennington
Antrim
Hillsborough

Henniker
Henniker

8,600
2,400

47,500
8,600
8,900

2,040-5,200

12,600
6,200
5,100
1,800

19,000
63,700
29,000
31,000

34,800
6,800

1
1
1
1
1
1

1
1
1
1
1
1
1
1

3
1

1
2
1
1
1
1

1
1
1
1
1
1
1
1

11
1
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Table 6. Transmissivity estimates from reported hydraulic tests and reported transmissivities from 

grain-size analyses in the Contoocook River basin Continued

Subbasin Well Town Transmissivity
(ftVd)

Method 
code3

Source
of 

information11

Box Corner

(Upper Warner)

Warner

Blackwater

Main Stem North

WCW-23
WCW-20

NLW-22

NLW-23
NLW-25

HUW-29

HUW-31

HUA-187

CVW-162

CVW-160

CVW-161

CVW-46
WHW-49

Warner
Warner

New London

New London

New London

Hopkinton

Hopkinton

Hopkinton

Concord

Concord

Concord
Concord
Webster

23,500
C4,000

10

25

2

3,000
26,000

1,100

800

500

2,800
450

4,450

1
2,4

5
5
5

1
1
1
5
5
5
1
1

1
8

9

9

9

1

1

1

7

7

7
1
1

a Method codes:

1. Single-well pump test Theis, confined, unsteady state (Kruseman and deRidder, 1983, p. 51).
2. Multiple-well pump test--Jacob (Kruseman and deRidder, 1983, p.63).
3. Multiple-well pump test-Jacob (corrected for dewatering); (Kruseman and deRidder, 1983, p. 83).
4. Multiple-well pump test-Neuman (1974).
5. Single-well slug test-Kozeny (1933).
6. Grain-size analysis Olney (1983).

Source of information:

1. Drilling logs on file at U.S. Geological Survey office, Bow, N.H.
2. New Hampshire Department of Environmental Services (1985).
3. Normandeau Associates, written commun., 1984.
4. New Hampshire Water Supply and Pollution Control Commission (1985).
5. Emtek Incorporated (1989).
6. Anderson-Nichols and Co. (1979).
7. Goldberg-Zoino and Associates, Inc., written commun., 1986.
8. D.L. Maher Co., written commun., 1988.
9. Dubois and King Inc. (1986).

10. New Hampshire Water Supply and Pollution Control Commission, written commun., 1983.
11. D.L. Maher, written commun., 1979.

Average estimate from two methods.
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Aquifer Descriptions, by Subbasin

Stratified-drift aquifers are discontinuous and 
distributed in valleys within each of the subbasins. 
Subbasins within the Contoocook River valley con 
tain larger, less discontinuous, and more areally ex 
tensive aquifers than subbasins along the western 
flank of the study area.

The size of stratified-drift aquifers within each 
subbasin of the Contoocook River basin is sum 
marized in table 7. Stratified-drift aquifers are most 
extensive in the Main Stem South-Central subbasin 
and Main Stem North subbasin. Most of the 
stratified-drift aquifers contain surficial coarse 
grained deposits. Underlying fine-grained deposits 
are more extensive in the middle to lower reaches (to 
the north) of the Contoocook River valley.

Average hydraulic characteristics, ground-water 
storage, effective ground-water recharge, and water 
budgets for the major subbasins are given in table 8. 
Characteristics for the subbasins within the Con 
toocook River basin (summarized in table 8) repre 
sent average integrated properties of the stratified 
drift, till, and bedrock. These values are useful as an 
indices of the relative hydraulic properties of the 
basin and as a qualitative evaluation of hydraulic

properties of the stratified drift. The percentage of 
coarse-grained stratified-drift aquifers is the 
primary control of base flow within a drainage basin 
(Thomas, 1966).

A conceptual representation of ground-water sys 
tems in a subbasin is shown in figure 10. The large 
box represents the entire subbasin consisting of till, 
bedrock, and stratified drift. Stratified-drift 
aquifers are in low-lying, gently sloping terrain inter 
spersed within steeply sloping terrain. Although 
precipitation is uniformly distributed throughout the 
subbasin, ground-water concentrates in the 
stratified-drift aquifers, which function as sinks. 
Therefore, during dry periods, when overland runoff 
to streams is absent and streamflow is composed 
entirely of ground-water runoff, streamflow is 
primarily controlled by the release of water from the 
stratified drift. The rate and amount of release is 
governed by the hydraulic characteristics of the 
stratified drift.

Average transmissivities were determired from 
hydraulic-diffusivity estimates of coincident base- 
flow recessions from December 27, 1969 (fi?,. 11), by 
use of methods outlined in Bevans (1986) and dis 
cussed in the section "Approach and Methods." 
Ground-water storage also was determined by use of 
methods outlined in Bevans (1986) and from base-

Table 7.--Number, size, and composition of stratified-drift aquifers in subbasins of the Contoocook River basin

[mi2, square miles]

Stratified-drift aquifers

Subbasin

Main Stem South

Nubanusit

North Branch

Beards Brook

Main Stem South-Central

Main Stem North-Central

Warner (with Box Corner)

Blackwater

Main Stem North

Drainage 
area 
(mi2)

68.1

46.9

54.8

55.4

142

59

146

129

64

Total 
area 
(mi2)

15.67

3.96

1.25

5.22

27.65

8.0

16.09

20.27

23.02

Maximum 
area 
(mi2)

13.99

1.77

.33

1.11

16.32

7.22

6.53

13.31

21.47

Mean 
area 
(mi2)

1.65

.72

.25

.52

1.26

2.84

1.12

3.38

6.0

Number 
of 

aquifers

'9.5

1 5.5

5.0

10

22

22.83

2 14.33

6

3

Percentage of 
surficial 

coarse-grained 
deposits

97.3

100

100

97

96.5

85.3

99.1

99.5

94.3

Percentage of 
underlying 

fine-grained 
deposits

1.5

0

0

3.0

16.5

5.4

.9

20.7

33.3

Aquifer is bisected by one basin divide. 

Aquifer is bisected by two basin divides.
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Table 8.-Summary of average hydraulic characteristics of subbasins in the Contoocook River basin 

[mi , square mile; in/yr, inch per year; ft /d, foot squared per day; Mgal, million gallons]

Subbasin

Main Stem South

Nubanusit

North Branch

Beards Brook

Main Stem South-Central

Total6

Subbasin

Main Stem North-Central

Total6

Subbasin

Box Corner (Upper Warner)

Warner

Blackwater

Main Stem North

Total6

Subbasin

Drainage
area

(mi2)

68.1

46.9

54.8

55.4

368

142

427

59

5.75

146

129

766

64

Average
annual
precip
itation 1

(in/yr)

44.5

47.0

47.5

47.5

--

43.8

-

40.0

47.5

43.5

45.3

43.8

37.8

Average
annual

ground-water
discharge

rate 1'*

or effective
recharge
(in/yr)

13.9

14.3

13.6

11.6

14.4

16.1

13.3

7.5

15.4

14.0

14.8

13.9

15.9

Percent
of

total
average
annual
stream-

How2

(percent)

64

62

62

58

62

63

59

38

57

60

67

64

--

Water
use

(in/yr)

0.31

.12

.01

.02

--

.19

--

.20

.04

.06

.10

.14

.20

Average
estimated
transmis-
sivity3 ' 4

of
subbasin
(ft 2/d)

1,850

-

300

850

3,000

-

--

-

1,400

900

1,200

1,200

-

Average
estimated

ground-water
storage '

of
subbasin
(Mgal)

4,300

5 2,500

2,300

2,900

16,700

77,200

-

-

180

7,500

5,300

46,500

-

1 From 1964-77.

2 Local minima-hydrograph separation (Pettyjohn and Henning, 1979).

Streamflow recessions, December 12, 1969. 

4 Base-flow recessions (Bevans, 1986). 

* Estimated assumed to be comparable to Beards Brook and North Branch.

6 Average of all basins above streamflow-gaging station.

7 Value includes estimated Nubanusit storage.

flow data at gaging stations in the Contoocook River 
basin. The effective ground-water recharge was as 
sumed to be equal to the average annual ground- 
water discharge estimated from streamflow (data 
collected from stations shown on fig. 3) by use of a 
local minima streamflow-separation technique 
described by Pettyjohn and Henning (1979). It is 
assumed that most of the effective ground-water 
recharge to the subbasin is measured at gaging sta 
tions and that negligible ground-water seepage goes 
undetected.

Observed base-flow recessions of December 27, 
1969 (fig. 11), are in agreement with theoretical be

havior of base-flow recessions and generally satisfy 
assumptions necessary for computation of hydraulic 
diffusivity. Before computing hydraulic diffusivity 
(equation 1, p. 24), one must check the recession 
curve by comparing the observed and theoretical 
time it takes (in days) for streamflow to arrive at a 
true base-flow recession after a receding streamflow 
peak; this parameter is called the critical time 
(Bevans, 1986). The theoretical critical time 
describes an ideal recession curve that obeys an ex 
ponential decay function (Bevans, 1986). Observed 
critical times were compared to theoretical critical 
times that were determined by use of the equation
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Precipitation

NOT TO SCALE

Figure 10.--Conceptual diagram of a ground-water system in a subbasin.

_ 0.2(At/logcycle) 
0.933 (3)

where tc is theoretical critical time 
and

At/log cycle is the number of days re 
quired for base flow to 
decline over one log 
cycle.

Therefore, although streamflow at several stations 
during 1969, including 01083000 on the Nubanusit 
River and 01084000 on the North Branch, might be 
partially affected by surface-water control at Mac- 
Dowel Dam and Highland Lake, respectively, base- 
flow recession curves indicate idealized recession.

Average annual ground-water discharge is 
greatest in the Main Stem South-Central subbasin 
and lowest in the Main Stem North-Central subbasin 
(table 8). The average annual ground-water dis 
charge or effective recharge is an indicator of the 
potential gross aquifer yield in the basin. The poten 
tial for aquifer yield is greater in the Main Stem 
South-Central subbasin than in the Main Stem 
North-Central subbasin. The Main Stem North- 
Central stratified-drift aquifers are limited areally

and are relatively thin (pi. 3). Ground-water storage 
is highest in the Warner, Blackwater, and M^in Stem 
South-Central subbasins; these subbasins contain 
the highest amounts of coarse-grained stratified- 
drift aquifers. Water withdrawals, which include 
surface and ground-water withdrawals, are relatively 
low in all subbasins and, therefore, should not sig 
nificantly affect estimates of effective recharge.

Streamflow-duration curves for streams in the 
Contoocook River basin are shown in figure 12. 
Streamflow duration is useful for analyzing the 
availability and variability of streamflow. 
Streamflows that are equaled 80 percent of the time 
reflect primarily ground-water discharge. Flow- 
duration curves with moderate slopes reflect greater 
amounts of ground-water discharge than curves with 
steep slopes. Because gaging stations 01088000, 
01085000, and 01085500 are downstream from 
major-tributary confluences, streamflow charac 
teristics of other tributary basins, as well ?s of the 
gaging-station basins, are integrated. The locations 
of the gaging stations are shown in figure 3. 
Streamflow at gaging stations 01083000, 01085800, 
and 01088000 may be affected by surface-water 
regulation.

Streamflow measurements at gaging stations 
01088000, 01085000, 01085500, 01087000, and
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Figure ll.--Base-flow recessions at selected streamflow-gaging stations in the Contoocook River basin. 
(Numbers are station numbers; the first four digits, 0108, are omitted. Locations shown in fig. 3.)

01086000 indicate higher ground-water discharges 
than at the other stations. These particular sub- 
basins drain stratified drift in more than 12 percent 
of the total subbasin area. In general, the percent 
age of stratified drift in the Contoocook River basin 
seems to control the rate of ground-water discharge; 
these observations corroborate previous observa 
tions by Thomas (1966). An exception to this obser 
vation is that the Main Stem South basin (01082000), 
which contains stratified drift in more than 23 per 
cent of the total subbasin area (table 7), which has a

steep duration curve at probabilities exceeding 99.5 
percent. Stratified-drift deposits in the Main Stem 
South basin are areally extensive; however, ground- 
water storage is limited by the thinness of the 
saturated zone, which could explain the steep dura 
tion curve.

Maximum transmissivities, maximuir pumping 
rate, and maximum seepage gain per unit aquifer 
area are summarized by subbasin in table 9. The 
highest reported transmissivity and puriping rate 
are at a production well for a paper mill along the
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0.01
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PERCENTAGE OF TIME EQUALED OR EXCEEDED

Figure 12.--Streamflow-duration curves for gaging stations in the Contoocook River basin. (Number- are 
station numbers; the first four digits, 0108, are omitted. Locations shown in fig. 3.)
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Contoocook River in the Main Stem South-Central 
subbasin. Few data are available for the tributary 
subbasins (Nubanusit, Beards Brook, North Branch, 
Warner, and Blackwater); thus, the low transmis- 
sivity for the Blackwater subbasin, 25 ft2/d, probably 
is not representative of the potential of the aquifers 
in that subbasin.

Seepage gains per unit aquifer area are an in 
dicator of the amount of ground-water storage and 
(or) rates of ground-water recharge. Large seepage 
gains reflect large amounts of ground-water storage 
and (or) large amounts of recharge to the aquifer. A 
large seepage gain was found in the Peterborough 
South stratified-drift aquifer, which may indicate 
that additional ground-water withdrawals are avail 
able from this aquifer (pi. 4).

Characteristics of the major stratified-drift 
aquifers are described below by subbasin. Aquifers 
are named by township and a prominent physical or 
geographic feature, such as a stream that drains the 
aquifer. For example, the stratified-drift aquifer in 
the town of Greenfield and drained by Otter Brook 
is called the Greenfield-Otter Brook aquifer.

Generalized stratigraphy, saturated thickness, 
and transmissivities of aquifers within each subbasin 
are shown on plates 1 through 4. (Refer to fig. 2 for 
the location of each town and subbasin on the 
plates.) Generalized stratigraphy is shown on plates 
1 and 2. Aquifers containing mostly coarse sedi 
ments are classified as stratified-drift aquifers. 
Aquifers containing mostly fine-grained sediments 
are classified as (1) stratified-drift aquifers over gla 
cial-lake-bottom deposits, (2) stratified-drift 
aquifers within or beneath glacial-lake-bottom 
deposits, (3) stratified-drift aquifers beneath till, 
and (4) glacial-lake-bottom deposits. Till-covered 
bedrock knobs and bedrock outcrops also are shown 
on the plates if they are surrounded by the stratified- 
drift aquifers.

Main Stem South Subbasin

A large, contiguous stratified-drift aquifer is 
present within the Contoocook River valley in the 
towns of Jaffrey and southern Peterborough. The 
aquifer is hydraulically connected to aquifers along 
the Gridley River in Sharon and aquifers underlying 
Annett State Forest. Aquifers are primarily com 
posed of ice-contact deltaic deposits formed during 
the first through third stages of glacial Lake Con 
toocook; examples of ice-contact deltaic deposits 
include deposits underlying Jaffrey Airport and 
within Annett State Forest. The aquifer at Annett

State Forest seems to be hydraulically conrected to 
stratified-drift aquifers in the Miller drainage basin 
of northern Massachusetts (Collings and others, 
1969). The sediments composing the aquifers were 
deposited during the first through third stages of 
glacial Lake Contoocook (fig. 4).

Stratigraphic sequences in stratified-drift 
aquifers of the Main Stem South subbasir include 
(1) a contiguous sequence of coarse-graired sedi 
ments over the entire saturated thickness, (2) inter- 
layered coarse- and fine-grained sediments, and (3) 
small pockets of thick fine-grained sediments. A 
uniform stratigraphy of coarse-grained sediments 
typically is present at locations of glacier-ic" stagna 
tion where meltwater streams entered the glacial 
lake and deposited deltas. Interlayered fine- and 
coarse-grained sediments are present along the Con 
toocook River where the saturated thickness ex 
ceeds 50 ft. The stratigraphy of these interlayered 
deltaic sands and glaciolacustrine silts and clays is a 
record of glacial advances and retreats; examples 
include deposits by Contoocook Lake and the Peter 
borough south municipal well field at well PCW-71 
(pis. 2 and 4).

The maximum saturated thickness in the Main 
Stem South subbasin is approximately 100 ft at Jaf 
frey Airport. The maximum transmissivity exceeds 
8,000 ft 2/d at the Peterborough south municipal well 
field (approximately 8,200 ft2/d) and in New Ipswich, 
by Tophet Swamp (approximately 9,000 ft 2/d) (pi. 4). 
Along most of the Main Stem, the aquifer is thin; 
saturated thickness is less than 40 ft.

Average daily municipal ground-water 
withdrawals are 0.37 Mgal/d or 0.57 ft 3/s. The town 
of Jaffrey withdraws approximately 0.37 Mgal/d 
from wells JBW-43 (East Main Street well) and 
JBW-44 (adjacent to the northeast shoreline of Con- 
toocook Lake). The town of Peterborough 
withdraws approximately 0.3 Mgal/d from well 
PCW-71 (South Street well). Withdrawals by com 
mercial and domestic users for the basir are es 
timated to be 0.38 Mgal/d (M.A. Horn, U.S. 
Geological Survey, written commun., 1991).

Total ground-water storage for the sul basin is 
estimated at 4,300 Mgal for all aquifers in the basin 
including stratified-drift, till, and bedrock aquifers 
(table 8). The maximum potential average annual 
effective ground-water recharge to stratified-drift 
aquifers in the subbasin, 15.7 Mgal/d, was estimated 
from an area-weighted calculation of the size of the 
stratified-drift aquifers (table 7) and a maximum 
potential average annual recharge rate of 21 in/yr. 
The effective recharge rate for the entire basin, 13.9 
in/yr (table 8), includes hydraulic properties of the
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till, bedrock, and stratified drift. The effective 
recharge rate for the entire subbasin is less than the 
maximum potential average annual recharge rate of 
21 in/yr to the stratified drift because stratified-drift 
deposits are highly transmissive and accept greater 
amounts of recharge than the till and bedrock. As a 
result, effective recharge determined from 
streamflow data, which integrates the properties of 
all hydrologic units in a subbasin, is less than the 
optimal recharge rate to the stratified drift.

The stratified-drift aquifers in the Main Stem 
South subbasin have the potential to yield additional 
water; however, several factors complicate the pos 
sibility of increased ground-water withdrawals. 
Base-flow characteristics of the basin, as determined 
from streamflow records at gaging station 01082000, 
indicate that ground-water storage is limited when 
streamflow conditions are below 90-percent flow 
duration (fig. 11). Base-flow measurements, how 
ever, show relatively large seepage gains of 2.42 
(ft3/s)/mi2 in the stratified-drift aquifer near the 
Peterborough South municipal well (PCW-71, pis. 2 
and 4). Perhaps the greatest impediment to in 
creased withdrawals from existing or new wells is 
ground-water quality. Ground-water contamination 
has been detected in some of the areas that include 
the most transmissive aquifers in the basin, such as 
the Peterborough South well field (New Hampshire 
Water Supply and Pollution Control Commission, 
1985). As a result, withdrawals have been discon 
tinued at well PCW-71.

Nubanusit Subbasin

Six isolated aquifers are in the Nubanusit basin. 
The largest aquifer underlies 1.77 mi2 of southeastern 
Harrisville, northwestern Peterborough, and south 
western Hancock. The sediments composing the 
aquifers were most likely deposited during separate 
and isolated glacial depositional events. The 
deposits are derived from glaciolacustrine and 
glaciofluvial origins at Mud Pond, along Brush 
Brook, and along the Nubanusit Brook at Dinsmore 
Pond (pis. 2 and 4). The western part of the aquifer 
at Brush Brook consists of thinly saturated ice-con 
tact deposits. The deposit south of Nubanusit Lake 
appears to have been formed at an ice margin.

Stratigraphic sequences of stratified-drift 
aquifers in the subbasin include coarse-grained sedi 
ments and multilayered coarse- and fine-grained 
sediments. A relatively uniform sequence of coarse 
grained sediments (sands and gravels) is found along

the Nubanusit River in east Harrisville north of 
Dinsmore Pond. Multiple layers are found in the east 
ern part of the Dinsmore Pond an upper coarse 
grained layer overlying a basal fine-grained layer.

The maximum saturated thickness of aquifers in 
the Nubanusit basin exceeds 80 ft at Mud Pond in 
east Dublin (approximately 85 ft) and at Dinsmore 
Pond (approximately 105 ft) in east Harr'sville. The 
saturated thickness of the aquifer along Brush Brook 
does not exceed 40 ft. Information on trrnsmissivity 
for the aquifer south of Nubanusit Lake is not avail 
able because of the lack of lithologic data.

Ground-water withdrawals in this subbasin are 
largely for commercial and domestic use. There are 
no municipal ground-water withdrawals. Total 
ground-water withdrawals are estimated at 0.19 
Mgal/d (M.A. Horn, U.S. Geological Sur/ey, written 
commun., 1991).

Ground-water storage is estimated at 2,500 Mgal 
for all stratified-drift, till, and bedrock aquifers in 
the subbasin (table 8). The maximum potential 
average annual ground-water recharge to the 
stratified drift, 4.0 Mgal/d, was estimated from area- 
weighted calculations of the size of the stratified- 
drift aquifers and a maximum potential average 
annual recharge rate of 21 in/yr. The effective 
recharge rate for the basin is 14.3 in/yr (table 8).

Ground-water storage is limited, and aquifer yield 
is highly dependent on the potential for induced 
infiltration to most aquifers in the subbasin. 
Ground-water storage is probably greatest in 
aquifers at Mud Pond and at Dinsmore Pond. The 
amount of streamflow available for induced infiltra 
tion is approximately 1.0 ft3/s at most aquifers. Base 
flows measured on September 29, 1988, exceeded 1.0 
ft3/s along the principal streams draining the 
aquifers, when streamflow at station 01083000 was at 
the 90-percent flow duration. The potential for in 
duced infiltration is greatest at the Dinsmore Pond 
aquifer because base flow along Nubanusit Brook at 
the Dinsmore Pond aquifer was 30 ftVs when 
streamflow at gaging station 01083000 was at 90-per 
cent flow duration.

North Branch Subbasin

The North Branch subbasin contains seven iso 
lated stratified-drift aquifers. One aquifer is 
bisected by a drainage divide and is partially in the 
Beards Brook subbasin. The potential exists for 
some ground-water outflow between subt asins; how 
ever, the amount must be negligible in comparison to 
the total ground-water budget. The largest aquifer
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underlies 0.33 mi2 of western Antrim along the North 
Branch (pis. 2 and 4). The sediments comprising the 
aquifers were deposited in narrow valleys controlled 
by local till spillways. Deposits are probably 
glaciofluvial and glaciolacustrine in origin except at 
the aquifer in western Antrim along the North 
Branch, which is derived from ice-contact deposits.

Information is unavailable on stratigraphy, 
saturated thickness, and transmissivity for most of 
the aquifers in the subbasin. The physiography of 
the subbasin, however, indicates that the saturated 
zone is thin because of the narrow valleys. Ground- 
water withdrawals are negligible and are entirely for 
domestic use. The aquifers along the North Branch 
in Antrim probably have the greatest potential for 
aquifer yield because this area must have been a 
principal glacial drainage outlet where glaciofluvial 
deposits might have accumulated.

Ground-water storage in all aquifers in the basin, 
including stratified-drift, till, and bedrock aquifers 
is estimated to be 2,300 Mgal (table 8). The maxi 
mum potential average annual ground-water 
recharge to the stratified-drift aquifer, 1.3 Mgal/d, 
was estimated from area-weighted calculations of 
the size of the stratified-drift aquifers and a maxi 
mum potential average annual recharge rate of 21 
in/yr. The effective recharge rate for the basin is 
13.6 in/yr (table 8).

Aquifers in the subbasin are small and have 
limited ground-water storage; base flow along the 
North Branch shows a sharp decrease below a flow 
duration of 80 percent at gaging station 01084000. 
Therefore, aquifer yield depends on the potential for 
induced infiltration. Induced infiltration potential 
is highest along the aquifers in contact with the 
North Branch. Base flow at gaging station 01084000 
on September 29, 1988, was 28.9 ft3/s; the cor 
responding flow duration is 76 percent.

Beards Brook Subbasin

The Beards Brook subbasin contains ten isolated 
stratified-drift aquifers; the subbasin also contains 
two other aquifers. The largest aquifer underlies 
1.11 mi2 along Beards Brook valley in northwestern 
Hillsborough (pis. 2 and 4). The sediments compos 
ing aquifers below an elevation of 900 ft in 
Hillsborough, Washington, and Bradford were 
deposited during the fourth through sixth stages of 
glacial Lake Contoocook. The stratified-drift 
aquifers formed during glacial Lake Contoocook 
consist of deltaic deposits. The sediments from

aquifers in Windsor were deposited during separate 
glacial depositional events.

Stratigraphic information on stratified-drift 
aquifers is unavailable for most of the aquifers in the 
subbasin: at Bradford Springs, East Washington, 
along Shedd Brook in Washington and Hillsborough, 
and in southern Windsor. The aquifer alori Shedd 
Brook at Hillsborough Upper Village consists of 
sand. The aquifer along Beards Brook in 
Hillsborough near gaging station 01084500 contains 
an upper coarse-grained layer of sands and gravel 
and a basal layer of interfingered coarse-grained 
sands and fine-grained silts.

Saturated thickness of the aquifers in the basin is 
generally less than 40 ft. The maximum saturated 
thickness in the subbasin is at least 58 ft at the 
aquifer along Beards Brook in Hillsborough. Trans 
missivity is estimated to be less than 1,000 ft2/d in 
most aquifers.

Ground-water withdrawals are largely for com 
mercial and domestic use. Ground wate r is not 
withdrawn for municipal use in the basin. Estimated 
ground-water withdrawals from domestic and com 
mercial use are 0.10 Mgal/d (M.A. Horn, U.S. 
Geological Survey, written commun., 1991). Most 
withdrawals are from bedrock.

Seepage gains in the aquifer along Beards Brook 
in northwestern Hillsborough were 1.86 (ft3/s)/mi2 
on September 29, 1988, when streamflow at gaging 
station 01084500 was at the 77-percent flew dura 
tion. Further downstream, seepage gains in the 
aquifer along Beards Brook, just upstream from 
gaging station 01084500, were about 2 ft3/s.

Ground-water storage in all aquifers in the sub- 
basin is estimated to be 2,900 Mgal (table 8). The 
maximum potential average annual grourd-water 
recharge to the stratified-drift aquifers (5.2 Mgal/d) 
was estimated from an area-weighted calculation 
based on the size of the stratified-drift aquifers and 
a maximum potential average annual recharge rate 
of 21 in/yr. The effective recharge rate for the basin 
is 11.6 in/yr (table 8).

The potential for aquifer yield is probably greatest 
at aquifers along Beards Brook in Hillsborough. 
Aquifer transmissivities and the potential for in 
duced infiltration are highest at these aquifers and at 
a high-transmissivity zone adjacent to Franklin 
Pierce Lake.

Main Stem South-Central Subbasir

The Main Stem South-Central subbasin is the 
largest subbasin (142 mi2) of the Contoocook River
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basin. The subbasin contains 22 distinct aquifers 
and the northern part of an aquifer that originates in 
the Main Stem South subbasin (fig. 2). The largest 
and most contiguous aquifer within the Contoocook 
River basin is within this area and is approximately 
10 mi long; maximum width is approximately 2 mi in 
northern Greenfield and southern Bennington. The 
aquifer extends from Greenfield in the south to 
Hillsborough in the north (fig. 2). Although the 
aquifer is continuous and hydraulically connected 
throughout, several ground-water divides virtually 
isolate the different parts of the aquifer into 
separate ground-water-flow systems (pi. 2). A 
ground-water divide in Greenfield isolates the flow 
system in the Greenfield-Otter Brook aquifer from 
the main stem Contoocook River valley aquifer. 
Another divide in Hillsborough isolates the flow sys 
tem downstream from the Hillsborough town center 
from the aquifer in southern Hillsborough and 
northern Deering.

The sediments comprising the aquifers in the 
Main Stem South-Central subbasin were primarily 
deposited during the fifth stage of glacial Lake Con 
toocook, when the outlet for glacial meltwaters was 
near Greenfield State Park (fig. 4). Sediments 
deposited during the fifth stage of glacial Lake Con 
toocook were reworked and redeposited when gla 
cial drainage patterns changed during the sixth stage 
of glacial Lake Contoocook. The sediments, found 
in several small but highly transmissive aquifers in 
the western part of the subbasin in Hancock, were 
deposited at higher altitudes and by separate glacial 
depositional events than the sediments deposited at 
lower altitudes in glacial Lake Contoocook. In 
general, coarse-grained sediments were deposited 
by (1) glacial meltwaters as ice-front deltas in areas 
where the main stem of the Contoocook River valley 
is narrow and constricted by adjacent ridges, (2) 
glacial meltwaters in valleys originating to the west 
of the main stem, and (3) reworking and redeposi- 
tion of coarse-grained outwash after the draining of 
successive stages of glacial Lake Contoocook (these 
deposits are typically less than 20 ft thick).

The stratigraphic sequences in stratified-drift 
aquifers of the subbasin include (1) a contiguous 
sequence of coarse-grained sediments, (2) multi- 
layered coarse- and fine-grained sediments, and (3) 
thick sequences of fine-grained sediments capped by 
a thin layer of sands less than 25 ft thick. A uniform 
and contiguous sequence of coarse-grained sedi 
ments were deposited by ice-front deltas and in sub- 
glacial meltwater channels; examples include the 
western part of Greenfield State Park, the eastern 
shore of Powder Mill Pond in northern Greenfield

and southern Bennington, Norway Pond in Hancock, 
and along the main stem of the Contoocook River in 
Peterborough. An example of a reworl ed coarse 
grained deposit includes a high-transmissivity zone 
(estimated to be at least 22,000 ft2/d) near a paper 
mill along the Contoocook River in F?.nnington. 
This area contains the most transmissive stratified- 
drift aquifers in the entire Contoocook Piver basin. 
The transmissivity estimated from hydraulic tests at 
BNW-44 at the paper mill is 63,700 ft 2/d. The trans 
missivity estimated from the lithologic lo^s from the 
same wells is approximately 22,000 ft 2/d. A se 
quence of predominantly coarse-grained deposits is 
present along Davis Brook in Hancock south of an 
ice-marginal delta at Hancock Village. Thick se 
quences of glaciolacustrine, fine-grained sediments 
are present along the Contoocook River in northern 
Bennington and southern Deering. At depth, fine 
grained sediments are commonly found beneath, or 
interlayered with, coarse-grained sediments 
throughout the remaining part of the basin.

Maximum saturated thickness is approximately 
230 ft in Hancock next to Norway Pond and ap 
proximately 170 ft in Deering. Saturated thickness 
in the Greenfield-Otter Brook aquifer is 147 ft. The 
aquifer in Hancock is the thickest sequence of 
saturated stratified drift in the Contoocook River 
basin and must be the result of intense erosional 
scouring by a glacier in a bedrock channel. Es 
timated transmissivities exceed 8,000 ft2/d at eight 
sites (pi. 2), including the highly transrrissive zone 
near the paper mill. Areas of high transmissivity 
correlate with areas where sediments were 
deposited in ice-front deltas and in eskers. Several 
of these highly transmissive zones (such as the 
aquifer in Hancock) may be hydraulically connected 
to surface-water bodies .

Ground-water withdrawals from stratified-drift 
aquifers include two municipal wells for the towns of 
Peterborough (PCW-66 and PCW-126) and a 
municipal well for the towns of Antrim and Ben 
nington (BNW-10). The average daily withdrawal 
from municipal wells is approximately 0.80 Mgal/d 
(M.A. Horn, U.S. Geological Survey, written com- 
mun., 1991). Ground-water withdrawals for com 
mercial uses are numerous and include a paper mill. 
Domestic withdrawals, estimated at 0.3 Mgal/d 
(M.A. Horn, U.S. Geological Survey, written com- 
mun., 1991), are mostly from bedrock. Total 
ground-water withdrawals in the subbcsin are es 
timated at 1.1 Mgal/d.

Base-flow data indicate that ground-water 
withdrawals may be near the Kmit of the seasonal 
recharge rate for late summer and early fall in some
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areas of the subbasin. Large seepage gains are an 
effective indicator of the potential amount of aquifer 
yield. The Contoocook River gained 87.6 ft3/s on 
September 28, 1990, when streamflow exceeded 87- 
percent flow at gaging station 01085000 on the Con 
toocook River in Henniker. The effective seepage 
gain of the subbasin was 4.06 ft3/s (excluding 
streamflow contributions from Nubanusit Brook, 
Beards Brook, and North Branch). The effective 
seepage gain of the subbasin is 0.03 (ft3/s)/mi2 ; a 
comparatively low rate of seepage gain per subbasin 
size. In contrast, seepage gains in selected parts of 
the subbasin, which drain stratified-drift aquifers, 
show relatively high gains per aquifer size. Aquifer 
discharge at Farrar Marsh in northeastern 
Hillsborough was 0.30 (ft3/s)/mi2, and aquifer dis 
charge along Otter Brook, in Greenfield, was 
0.43 (ft3/s)/mi2--one of the highest rates in the Con 
toocook River basin.

Seepage losses were observed along Ferguson 
Brook in Hancock village on September 28, 1988. 
Streamflow losses were attributed to a combination 
of factors including thick permeable deposits at the 
northern headwaters of the aquifer that permit in 
filtration of streamflow to the ground-water system, 
and thin, less permeable deposits at the aquifer's 
confluence with the main stem aquifer at base-flow 
station PET1A (pi. 2) that cause pooling of water 
along Ferguson Brook (pi. 2). In contrast to the net 
loss along Ferguson Brook, significant gains were 
observed on a small tributary to Ferguson Brook that 
drains the southeastern corner of Hancock village. 
This stream must be fed by ground-water seepage 
from Norway Pond because it shows unusually high 
gains for an extremely small drainage area. Ground 
water probably feeds this small tributary southward 
through a narrow bedrock channel filled with ice- 
contact deltaic sands and gravels beneath Hancock 
village.

Ground-water storage in all aquifers in the sub- 
basin is estimated to be 7,200 Mgal. This subbasin 
has the largest ground-water storage within the Con 
toocook River basin and contains the most stratified 
drift (table 7). Base flows at greater than the 90-per 
cent flow duration (low discharge but high prob 
ability) at station 01085000 on the Contoocook River 
show a gradual decline with increasing flow prob 
ability (lower flow) (fig. 11). The maximum poten 
tial average annual ground-water recharge to the 
stratified-drift aquifers, 28 Mgal/d, was estimated 
from an area-weighted calculation and a maximum 
potential average annual recharge rate of 21 in/yr. 
The effective recharge rate for the basin is 16.1 in/yr 
(table 7).

The potential for aquifer yield is greatest in areas 
with transmissive aquifers in hydraulic connection 
with surface-water bodies, such as Norway Fond and 
Franklin Pierce Lake, and transmissive aquifers in 
contact with saturated fine-grained sediments over a 
large surface area. Aquifer yields were estimated 
for two aquifers in this basin by use of the analytical 
ground-water-flow model discussed in the section 
"Estimation of Aquifer Yields for Selected 
Aquifers."

Main Stem North-Central Subbasir

The Main Stem North-Central subbasin contains 
one large contiguous aquifer (approximately 7 mi2) 
along the main Contoocook River valley and three 
separate small aquifers. The aquifer along the main 
Contoocook River valley begins in western Henniker 
and continues into the Main Stem North subbasin in 
Hopkinton and covers 12 percent of the basin. The 
sediments composing the aquifers were deposited 
during the fifth through seventh stages of glacial 
Lake Contoocook. The sediments were deposited as 
(1) ice-contact deposits in western Henniker along 
the Contoocook River, (2) deltaic deposits in 
northwestern Henniker near well HMW-12 (pi. 3), 
(3) eskers and kames in valleys of Colby Brook and 
Hopkinton Reservoir, (4) glaciolacustrine deposits 
along the Contoocook River valley in eastern Hen 
niker, and (5) a large ice-contact delta that formed 
where water from the fifth stage of glacial Lake Con 
toocook was discharged and began the sixtl stage of 
the glacial lake on the northern side of Craney Hill.

The stratigraphic sequence in the stratified-drift 
aquifers of the subbasin include (1) coarse-grained 
sand and gravels intermixed with till in the small, 
isolated aquifer along the Contoocook River in 
western Henniker, (2) interlayered coarse- and fine 
grained sediments in the large, contiguous main val 
ley of the Contoocook River in central Henniker 
(coarse-grained deltaic deposits border this aquifer 
on the north and south sides), (3) a thin upper layer 
of sand and a basal fine-grained layer of silts and 
clays in eastern Henniker, and (4) sequences of 
coarse-grained sediments in the north-south-trend 
ing valleys that served as outlets of drainage from 
glacial Lake Contoocook.

The maximum saturated thickness exceeds 120 ft 
(135 ft at well HMW-154) along the principal main 
stem valley in eastern Henniker. Saturated thick 
ness in the north-south trending valley occupied by 
Hopkinton Reservoir is also substantial, exceeding 
80 ft (109 ft at well HUB-160). Maximum transmis-
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sivity inferred from lithologic data exceeds 8,000 
ft2/d at the location of the Henniker municipal well 
HMW-12 (pi. 3). Areas of high transmissivity are 
associated with deltaic deposits and ice-contact es- 
kers and kames.

In the principal aquifer along the Contoocook 
River, horizontal hydraulic gradients of ground 
water are low (0.01 ft/ft) and horizontal rates of flow 
are probably slow. Horizontal hydraulic gradients 
of ground water are generally steeper (by a factor of 
3) in north-south-trending valleys and where streams 
enter the main valley aquifer. Variations in rates of 
ground-water flow cause variations in residence 
times of ground water. Ground water in this sub- 
basin can probably be characterized as having a 
longer residence time than ground water in other 
subbasins, with the exception of ground water in the 
Main Stem North subbasin.

Ground-water withdrawals include the three 
municipal wells for the town of Henniker (pi. 3) and 
domestic supplies. The three municipal wells 
withdraw 0.24 Mgal/d. An abandoned well at an 
abandoned paper mill in west Henniker once 
withdrew 0.14 Mgal/d (Gary Smith, D.L. Maher Co., 
oral commun., 1991). Domestic use, estimated at 
0.19 Mgal/d (M.A. Horn, U.S. Geological Survey, 
oral commun., 1991), is primarily from bedrock 
water supplies. Commercial withdrawals also are 
from bedrock.

The maximum potential average annual recharge to 
the stratified-drift aquifer, 8 Mgal/d, was estimated 
from area-weighted calculations of aquifer size and a 
maximum potential average annual recharge rate of 21 
in/yr. The effective ground-water recharge rate is 7.5 
in/yr (table 8)--the lowest rate for any subbasin within 
the Contoocook River basin.

Base flow decreased by 15.4 ft3/s in the basin on 
September 29, 1988. Streamflow draining the basin 
at gaging station 01085500 was 91 ft 3/s, whereas in 
flow to the basin was 106.4 ft3/s at gaging station 
01085000. Streamflow losses may be a result of in 
creases in surface-water storage. Streamflow on 
September 29, 1988, corresponded to an 85-percent 
flow duration at gaging station 01085000.

The potential for increased aquifer yield is 
probably greatest in East Henniker and near Mud 
Pond in southeast Henniker (pi. 3). The aquifer 
beneath the Hopkinton Reservoir also may provide 
significant yields. Aquifer yield for the aquifer in 
east Henniker was analyzed by use of an analytical 
ground-water-flow model and is discussed in detail 
in the section "Estimation of Aquifer Yield for 
Selected Aquifers."

Warner Subbasin

The Warner subbasin, which includes the small 
Box Corner subbasin, contains 14 stratified-drift 
aquifers and shares the southern part of another 
aquifer in the Blackwater subbasin in button. The 
largest aquifer, 6.5 mi2, is in Warner. The aquifers 
are generally lenticular and contain sediments 
formed predominantly as deltas, eskers, kames, 
and outwash. The southern part of the basin was 
inundated during the seventh stage of glacial Lake 
Contoocook.

The most significant stratigraphic feature of 
stratified-drift aquifers in the subbasin is the 
predominance of coarse-grained sediments along 
the Warner River in Warner. These corrse-grained 
sediments were deposited by glacial meltwaters in 
kames and eskers. The coarse-grained sediments 
elsewhere in the basin are not as areally extensive 
and were deposited in deltas. The small aquifers in 
Bradford, Newbury, and Sutton consist cf multilayer 
coarse- and fine-grained sediments (the exception is 
the predominance of coarse-grained sediments in 
the northern part of the aquifer in Newbury). In 
general, fine-grained sediments can b°, found in 
thick stratigraphic sequences deposited in deep 
bedrock channels.

The maximum saturated thickness is approximate 
ly 120 ft near Tom Pond in Warner (pi. 4). The thick 
sequence at Tom Pond was deposited in a deep 
erosional bedrock channel that was scorred by sub- 
glacial meltwaters. Saturated thickness is generally 
less than 100 ft elsewhere in the subbasin. Estimated 
maximum transmissivity exceeds 8,000 ft2/d near 
Tom Pond in Warner and is attributed to coarse 
grained sediments deposited in subglacial valley 
trains. Estimated transmissivities exceed 1,000 ft 2/d 
for stratified-drift aquifers throughout much of the 
subbasin.

The aquifers in the Warner River subbasin con 
tain water with shorter residence times tl in water in 
aquifers along the main stem. Hydraulic gradients 
of the aquifers in the Warner River subbasin are 
steeper than aquifers along the main stem of the 
Contoocook River valley because of the lenticular 
shape of the aquifers and the moderate to steeply 
sloping stream-channel gradients.

Municipal ground-water withdrawals are 0.05 
Mgal/d from the municipal well at Warner. Total 
ground-water withdrawals for the subbasin by 
domestic and commercial users are estimated at 
0.39 Mgal/d (M.A. Horn, U.S. Geological Survey, 
oral commun., 1991).
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The total amount of ground-water storage from all 
deposits in the basin is 7,500 Mgal (table 8). The 
maximum potential average annual recharge to the 
stratified-drift aquifer, 16.0 Mgal/d, was estimated 
from area-weighted calculations of aquifer size and 
a maximum potential average annual recharge rate 
of 21 in/yr. The effective ground-water recharge 
rate is 14.0 in/yr (table 8).

At gaging station 01086000 in the Warner River, a 
base flow of 30.8 ft3/s on September 29, 1988, cor 
responded to a flow duration of 85 percent. The rate 
of seepage per subbasin area is 0.21 (ft3/s)/mi2 . 
Seepage gains across stratified-drift aquifers were 
0.46 (ft3/s)/mi2 in Newbury, 0.23 (ft3/s)/mi2 in west 
Bradford, 1.0 (ft 3/s)/mi2 in east Bradford along the 
West Branch, and 0.94 (ft 3/s)/mi2 along Stevens 
Brook in Sutton. Base-flow losses along Kings 
Brook in Sutton are attributed to natural streamflow 
loss.

The potential for additional aquifer yield is 
greatest at Tom Pond in Warner and along the West 
Branch in Bradford. Aquifer yields along the 
Warner River, except near Tom Pond, are highly 
dependent upon the capacity to induce infiltration 
from the Warner River because of minimal ground- 
water storage in the lens-shaped aquifer.

Blackwater Subbasin

The Blackwater subbasin contains two large 
stratified-drift aquifers along the Blackwater River 
and several other small, isolated aquifers. The 
aquifer sediments were deposited in the form of 
deltas, kames, and outwash plains.

The predominant stratigraphic sequence of 
stratified-drift aquifers in the subbasin is basal fine 
grained layers of silts and clays capped by varied 
thicknesses of coarse-grained sediments. This 
stratigraphic sequence is typical of glacial-lake en 
vironments that drained and were subsequently 
capped by outwash deposits. Coarse-grained se 
quences of ice-contact deposits along Cascade 
Brook in New London and interlayered coarse- and 
fine-grained sediments at well ANW-19 in Andover 
(pis. 1 and 3) indicate multiple advances and retreats 
of a glacier that consequently deposited coarse 
grained upper and lower layers in a glaciolacustrine 
environment.

The maximum saturated thickness is approximate 
ly 200 ft in eastern Andover. The saturated thick 
ness is generally less than 40 ft throughout the 
subbasin. The estimated maximum transmissivity

exceeds 4,000 ft2/d in east Andover. A maximum 
transmissivity of 17,600 ft2/d was estimated from 
lithologic logs at ANW-20; however, this value is 
high compared to transmissivities in surrounding 
areas. Estimated transmissivity is generally less than 
2,000 ft2/d.

Ground-water withdrawals in the basin are prin 
cipally for domestic use. Total ground-water 
withdrawals, estimated to be 0.57 Mgal/c* (M.A. 
Horn, U.S. Geological Survey, written commun., 
1991), are largely from bedrock.

The total amount of ground-water stored in all 
deposits in the basin is 5,300 Mgal (table F). The 
maximum potential average annual recharge, to the 
stratified-drift aquifer, 20.3 Mgal/d, was estimated 
from area-weighted calculations of aquifer size and 
a maximum potential average annual recharge rate 
of 21 in/yr. The effective subbasin ground-water 
recharge rate is 14.8 in/yr (table 8).

At gaging station 01087000 on the Blackwater 
River, a base flow of 33.0 ft 3/s on September 7.9,1988, 
corresponded to a flow duration of 85 percent. The 
rate of seepage per basin area is 0.26 (ft 3/s)/mi2 . 
Seepage gains across stratified-drift aquifers were 
1.75 (ft3/s)/mi2 in western Andover, 1.0 (ft3/0/mi2 in 
eastern Andover, and 2.32 (ft3/s)/mi2 in Salisbury.

The potential for additional aquifer yield is 
greatest in eastern Andover and in Salisbury along 
the Blackwater River. Ground-water storage in both 
areas must be high because of the large voHmes of 
these aquifers. Aquifer yields in other parts of the 
basin are dependent on the amount of induced in 
filtration that occurs. Aquifer yield in eastern An 
dover was estimated by use of an analytical 
ground-water-flow model and is discussed in detail 
in the section "Estimation of Yields of Selected 
Aquifers."

Main Stem North Subbasin

The Main Stem North subbasin contains one large 
aquifer (21.5 mi2) along the main stem of the Con- 
toocook River and two smaller isolated anuifers. 
The large aquifer is a continuation of the same 
aquifer described in the Main Stem North-Central 
subbasin to the west (fig. 3). The aquifer extends 
into the Merrimack River valley to the east and fol 
lows a buried north-south-trending valley south of 
the present Contoocook River drainage.

The aquifers in the subbasin consist of sediments 
that were deposited during the final stages of glacial 
Lake Contoocook. The sediments include ice-con-
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tact, deltaic, kame, esker, glaciolacustrine, and out- 
wash deposits. Deltaic deposits are present at the 
confluence of north-south trending valleys (valleys 
that contain tributaries to the Contoocook River) 
with the main Contoocook River valley. Ice-contact 
and subglacial-valley train deposits are present 
mainly in the north-south trending valley that con 
tains Dolf Brook in the northern part of Hopkinton 
(pi. 3). This valley was a former drainage outlet for 
glacial Lake Contoocook. Ice-contact deposits are 
also at a narrow constriction in the main valley just 
east of the town of Contoocook (pi. 3). Kame 
deposits are found along the eastern flank of the 
south-trending valley just south of the ice-contact 
deposits. Glaciolacustrine deposits are the prin 
cipal deposits in the main Contoocook valley.

The stratigraphic sequences of stratified-drift 
aquifers in the subbasin include (1) coarse-grained 
sequences of sands and gravels in the north-south 
trending valleys that contain parts of the Blackwater 
River, Dolf Brook, and Hopkinton Reservoir; (2) 
interlayered coarse- and fine-grained sediments in 
the valley that contains Clement Pond; and (3) thick 
sequences of fine-grained glaciolacustrine silts and 
clays capped by sands deposited in outwash 
throughout the main Contoocook River valley in the 
Mast Yard area.

The maximum saturated thickness ranges from 80 
to 100 ft in the Blackwater River valley in Webster, 
in the valley that contains the Hopkinton Reservoir, 
and at several locations in the main valley. Saturated 
thickness is less than 40 ft near areas where the 
course of the Contoocook River takes several sharp 
bends. The course of the Contoocook River seems 
to be partly controlled by the bedrock surface. 
Bedrock "knobs" divert the course of the Con 
toocook River into several acute meanders in Hop 
kinton (pi. 3). The estimated maximum 
transmissivity exceeds 8,000 ft2/d (approximately 
25,800 ft2/d at HUW-31) in an esker just north of 
Hopkinton village at the Hopkinton municipal well. 
Estimated transmissivities exceed 4,000 ft 2/d in an 
ice-contact deltaic deposit that underlies Hopkinton 
village, in areas of ice-contact deposits along the 
Contoocook River near the village of Contoocook, 
and also in an area east of Contoocook village in a 
delta entering the main valley from the Blackwater 
River. Estimated transmissivities are less than 1,000 
ft 2/d in areas consisting of fine-grained, 
glaciolacustrine deposits.

Municipal ground-water withdrawals (0.03 
Mgal/d) are from the Hopkinton municipal well 
(HUW31). Ground-water withdrawals by domestic 
and commercial users, primarily bedrock aquifers,

are estimated at 0.27 Mgal/d (M.A. Horn, U.S. 
Geological Survey, written commun., 1991).

The ground-water-flow characteristics of the 
Main Stem North basin are similar to those in the 
Main Stem North-Central basin. Horizontal 
hydraulic gradients of ground water are moderate 
(less than 0.01 ft/ft); therefore, horizontal rates of 
flow are probably slow in the principal aq uifer along 
the Contoocook River. Horizontal hydraulic 
gradients of ground water are generally steeper (by 
a factor of 3) in north-south-trending valleys and 
where streams enter the main valley aqu: fer than in 
west-east-trending valleys.

The maximum potential average annual recharge 
to the stratified-drift aquifer, 23 Mgal/d, was es 
timated from area-weighted calculations of aquifer 
size and a maximum potential average annual 
recharge rate of 21 in/yr. The effective ground- 
water recharge rate in the subbasin is 15.9 in/yr 
(table 8). Ground-water storage is high compared 
to the average transmissivity of the basin, which indi 
cates additional aquifer yields are dependent on dis 
tribution of coarse-grained deposits rather than 
rates of ground-water recharge and storage.

Estimated seepage gain across the large aquifer is 
1.82 ft3/s or (0.17 ft3/s)/mi2 of aquifer, as indicated 
from base flow on September 29, 1988. The rate of 
seepage gain per aquifer size is moderate compared 
to other rates of gain in the entire Contoocook River 
basin. Seepage losses of 1.6 fr/s along the Black- 
water River valley in Webster are probably because 
of ground-water recharge from the Blackwater River 
to the aquifer at the headwaters of the valley. Base 
flow in Dolf Brook was low (0.01 ft 3/s), possibly in 
dicating a limit on additional yields from this part of 
the aquifer because of the small quantities of ground 
water in storage. Because of the presence of marsh 
areas upstream from the Dolf Brook station (pi. 1), 
however, some streamflow might be goirg into sur 
face-water storage and, consequently, reducing 
streamflow from Dolf Brook. Additional yields 
might be possible near the aquifer by Kimball Pond 
because of the potential for surface-water infiltra 
tion.

The potential for additional aquifer yields in other 
parts of the basin is greatest in areas where es 
timated transmissivities exceed 2,000 ft 2/d and in 
aquifers hydraulically connected with surface-water 
bodies or in contact with thick sequences of fine 
grained sediments. The large volume of water in 
storage in fine-grained sequences of the aquifer 
along the main valley can potentially de-liver large 
quantities of water through leakage across a contact 
with a transmissive zone of the aquifer.
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Estimation Of Aquifer Yield 
For Selected Aquifers

Aquifers with potential for ground-water develop 
ment were evaluated by use of analytical simulations 
of hypothetical wells tapping these aquifers. Yields 
were estimated from hypothetical well performance. 
The estimates consider hydraulic properties of the 
aquifer (saturated thickness, transmissivity, and 
storage coefficient), characteristics of the hypotheti 
cal wells (the percentage of saturated thickness the 
screen intersects, the screen radius, and the pump 
ing duration), effects of nearby pumped wells, and 
hydraulic boundaries (either impermeable or 
recharge). Aquifers were selected on the basis of 
the following criteria:

1. Transmissivity-greater than 4,000 ft2/d.

2. Saturated thickness greater than 40 ft.

3. Aquifer materials grain sizes suitable for 
installation of wells.

4. Recharge presence of streams or lakes 
capable of supplying recharge by induced 
infiltration.

5. Geographic distribution proximity to the 
more populated parts in the study area.

Four aquifers were selected (fig. 13). Other areas 
of stratified drift that may have potential for high 
yields were not analyzed because of inadequate in 
formation on subsurface material, proximity to 
potential sources of contamination, and the prox 
imity to areas of large ground-water withdrawals. 
Areas of large ground-water withdrawals were 
avoided because the analytical model is not designed 
to precisely simulate withdrawals from existing 
production wells.

The method used to estimate the amount of 
ground water available at each of the four selected 
aquifers determines the amount of ground water 
potentially available over a long-term period 
(steady-state condition) and calculates, by use of a 
mathematical model, the maximum amount of water 
that can be pumped from the aquifer. The amount 
of water available during a long-term period (tens of 
years) is assumed to be equal to an estimate of direct 
infiltration recharge, which is 50 percent of average 
annual precipitation, plus the water available from 
induced infiltration of surface water. The amount of 
recharge from lateral flow of adjacent upland areas 
was not considered because of the potential 
variability of this source. The maximum pumpage 
from the aquifer, determined from an analytical

mathematical model, depends on hydraulic charac 
teristics of the aquifer; number, location, construc 
tion of hypothetical wells, and hydraulic boundaries; 
and length of the period of negligible recharge. The 
estimated long-term yield is assumed to be equal to 
either the amount of water available during a long- 
term period or the maximum amount of pumpage 
determined from the mathematical model, 
whichever is less.

Computations of aquifer yield with the analytical- 
mathematical model are based on the Theis non- 
equilibrium equation (Theis, 1935), as modified by 
image-well theory (Ferris and others, 1962) to ac 
count for boundary conditions. These estimates 
take into account the effects of hydraulic boundaries 
of aquifers, of hydraulic properties of aquifers, well 
characteristics, and possible well interferences 
(Mazzaferro and others, 1979). Calculation of sus 
tained yield from hypothetical wells involves the fol 
lowing four basic steps: (1) determination of aquifer 
and well characteristics, (2) determination of an ini 
tial discharge rate, (3) determination of total draw 
down in wells from data obtained in steps 1 and 2, 
and (4) adjustment of discharge rate so that total 
drawdowns are at least 1 ft above the screened inter 
val of each pumped well.

Hydraulic properties of the aquifer were deter 
mined by (1) estimating an average transmissivity 
from transmissivities shown on plates 3 and 4, (2) 
assuming an average storage coefficient (0.2) that is 
reasonable for unconfined sand and gravel aquifers 
and extended pumping periods (Mazzaferro and 
others, 1979), and (3) assuming an average ratio of 
vertical to horizontal hydraulic conductivity of 0.1. 
The saturated thickness of the aquifer was deter 
mined for each hypothetical well from data on plates 
3 and 4.

Hypothetical wells were simulated with a screen 
radius of 1 ft and a screen length equal to 30 percent 
of the saturated thickness. Total available draw 
down was limited to approximately 68 percent of the 
saturated thickness. Simulated wells were pumped 
for a 180 days the time span approximately equal to 
the period of maximum evapotranspiration, when 
little or no recharge occurs.

The total drawdown at each pumped well is equal 
to drawdown produced by six possible components: 
(1) aquifer and well characteristics, (2) dewatering 
of the aquifer, (3) partial penetration of the aquifer 
by the pumped well, (4) well loss caused by flow into 
the screen, (5) nearby pumped wells, and (6) 
hydraulic boundaries.

Hydraulic boundaries that can be simulated with 
the Theis image-well model are line-source recharge
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boundaries, barrier (no-flow) boundaries, and open 
or infinite boundaries. Recharge boundaries repre 
sent unlimited sources of water that may be available 
from surface-water bodies such as streams and lakes. 
Because recharge boundaries function as an un 
limited source of water, they restrict drawdown by 
the pumped well (fig. 14). Impermeable-barrier 
boundaries can be used to represent the contact be 
tween permeable stratified-drift aquifers and imper 
meable till or bedrock. Drawdown caused by a 
pumped well is amplified near a barrier boundary 
because there is no simulated flow across this bound 
ary (fig. 15).

Recharge or discharge image wells (Ferris and 
others, 1962) are used to simulate the effects of 
hydraulic boundaries. In this particular model, 
hydraulic boundaries (recharge or barrier) must be 
idealized as straight lines that enclose a rectangular 
or square area.

The model determines the maximum discharge 
rate for a pumped well under the criteria that draw 
downs are above the well screen. Because well 
screens are assumed to penetrate the lower 30 per 
cent of saturated thickness, drawdowns are limited 
by the condition that aquifer desaturation at the 
pumped well does not exceed 68 percent of the 
saturated thickness. If drawdowns exceed the above 
criteria, an adjustment to the discharge is made and 
drawdowns are recalculated until the criteria is met. 
The computed aquifer yield-the optimum rate for the 
well(s) depends on the hydraulic characteristics of 
the aquifer, hydraulic boundaries, and number of and 
distance between hypothetical wells.

In the model, hypothetical wells are generally in 
the thickest, most transmissive part of the aquifer. 
Recharge and barrier boundaries are idealized as 
vertical planes and are positioned to represent 
hydraulic conditions. The position of the recharge 
boundary is adjusted to compensate for the effective 
distance between a recharge boundary and a 
pumped well. The effective distance is the horizon 
tal and vertical distance from the pumped well to the 
recharge boundary. For example, the position of the 
recharge boundary will coincide with a stream chan 
nel only in places where the stream fully penetrates 
the aquifer; however, because fully penetrating 
streams are rare, the effective distance between a 
recharge boundary and a pumped well is generally 
greater than the horizontal distance alone.

Aquifers were analyzed with two models to com 
pare the effect of different boundary conditions and 
to provide a range of aquifer-yield estimates. In the 
first model, the potential of induced infiltration from 
surface-water bodies is ignored, and absence of in

duced infiltration is assumed. In the second model, 
the adjacent surface-water body is assumed to be a 
recharge boundary. Pumpage estimated under these 
two extreme conditions represents minimum and 
maximum long-term yields.

Greenfield-Otter Brook Aquifer

The Greenfield-Otter Brook aquifer is in the 
Main Stem South-Central subbasin (fig. 13) in the 
town of Greenfield. The 4.35-mi2 aquifer is most 
transmissive in the western part near Greenfield 
State Park. The analytical model covers 2.15 mi2 and 
represents the most transmissive and the thickest 
sections of the aquifer north of Otter Brook (fig. 16). 
Two model simulations were done to evaluate 
boundary changes on aquifer yield.

The model is oriented with the predominant valley 
trend. Model boundaries correspond to (1) a till- 
bedrock contact at the northeastern boundary, (2) a 
till-bedrock contact at the southeastern boundary, 
(3) Otter Lake and parts of a preglacial valley filled 
with coarse-grained stratified-drift deposits at the 
northwestern boundary, and (4) generally thin and 
less transmissive stratified-drift deposits at the 
southwestern boundary. The northeastern, south 
western, and southeastern boundaries were barrier 
boundaries for both simulations. The northwestern 
boundary was simulated as a barrier (no-flow) 
boundary in one simulation and a recharge boundary 
in another simulation.

Five hypothetical wells were simulated at dis 
tances of 2,000 ft apart (fig. 16). Hypothetical wells 
were aligned in the same orientation as that of the 
model and the axis of a buried bedrock channel 
(northwest to southeast).

Aquifer yields predicted by the analytical model 
range from 1.69 to 1.85 Mgal/d. Simulated recharge 
from the northwestern model boundary, 0.16 
Mgal/d, includes induced infiltration from Otter 
Lake and lateral ground-water flow from deposits in 
the preglacial valley. Aquifer-yield estimates from 
the model are considered conservative because addi 
tional yield may be obtained from the area of the 
aquifer not simulated below the southwestern model 
boundary. Information from base-flow measure 
ments and estimates of areal precipitation recharge 
for the aquifer indicate that additional yields can be 
obtained. Base flow was 2.1 ft 3/s or 1.35 Mgal/d at 
Otter Brook downstream from the aquifer on Sep 
tember 28, 1988 (Blackey and others, 1989). 
Average annual precipitation recharge is estimated 
to be 6.8 ft'Vs (4.4 Mgal/d). Although average an-
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Figure 14.--Effects of a recharge boundary on the cone of depression of a pumped well.
(Modified from Toppin, 1987, fig. 5.)
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Figure 15.--Effects of a barrier boundary on the cone of depression of a pumped well.
(Modified from Toppin, 1987, fig. 6.)
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BARRIER BOUNDARY-NO flow

   ^ BARRIER BOUNDARY- 
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RECHARGE BOUNDARY, simulation 2.

  1,000 LINE OF EQUAL TRANSMISSIVITY- 
Dashed where approximately located. 
Interval, in feet squared per day, is variable

  HYPOTHETICAL PUMPED WELL

Figure 16.--Location of analytical model used to predict yield for the Greenfield-Otter Brook aquifer.

49



nual precipitation recharge is considerably greater 
than estimated aquifer yield predicted by the analyti 
cal model, results of simulations indicate that 
ground-water storage and seasonal variability of 
recharge limit aquifer yield.

Hillsborough-Contoocook River Aquifer

The Hillsborough-Contoocook River aquifer is in 
the Main Stem South-Central subbasin (fig. 13). The 
aquifer is part of a long but relatively narrow north- 
south-trending aquifer that extends from the town of 
Greenfield to the town of Henniker. It is hydrauli- 
cally connected to the Greenfield-Otter Brook 
aquifer to the south. The Hillsborough-Contoocook 
River aquifer, although hydraulically connected to 
this long and continuous aquifer, receives direct 
precipitation recharge from a small area (0.8 mi2) 
because of a ground-water divide about 4,000 ft 
south of the Contoocook River in Hillsborough (fig. 
17 and pi. 3). However, potential for induced in 
filtration recharge from the Contoocook River is 
considerable. Base flow on September 29, 1988, at 
gaging station 01085000 was 106.4 ft 3/s, which cor 
responds to a flow duration of 87 percent.

The model area covers approximately 0.3 mi2 . 
Two model simulations were done to evaluate 
boundary effects on aquifer yield estimates. The 
model boundaries correspond with a till-bedrock 
contact at the western boundary and the Contoocook 
River at the southern and eastern boundaries. The 
western boundary is a barrier boundary. The 
southern boundary was simulated as an open or in 
finite boundary in one simulation and a recharge 
boundary in the other. If open boundaries are used, 
drawdowns are assumed to persist indefinitely until 
equilibrium is reached with no interference from 
hydraulic boundaries. An open boundary can pro 
vide more water than a no-flow boundary but less 
than a recharge boundary. The eastern boundary is 
a barrier and recharge boundary. The eastern 
boundary corresponds with a till-bedrock contact 
and part of the Contoocook River. The northern 
area is open. A hypothetical well was placed in the 
most transmissive part of the aquifer.

Aquifer-yield estimates from the analytical model 
range from 0.52 to 0.59 Mgal/d. Simulated recharge 
from induced infiltration of the Contoocook River is 
0.06 Mgal/d. This represents less than 0.2 percent of 
available induced infiltration at a 90-percent flow 
duration at gaging station 01085000, 3 mi 
downstream. Aquifer yields from model simulations 
are less than the estimated average annual precipita

tion recharge of 0.8 Mgal/d. Aquifer-yield analysis 
indicates that yields greater than 0.59 Mgal/d are 
highly probable if additional wells are used. The 
maximum yield available would be controlled by the 
amount of induced-infiltration recharge from the 
Contoocook River.

Henniker-Contoocook River Aquifer

The Henniker-Contoocook River aquifer is in the 
Main Stem North-Central subbasin (fig. 13). The 
Henniker-Contoocook aquifer is at the western ex 
tent of a long, continuous aquifer that extends from 
Henniker to Concord along the mainrtem of the 
Contoocook River (pis. 1 and 2). A 6.23-mi2 area of 
the aquifer receives direct recharge fron precipita 
tion. The aquifer is drained by the Contoocook 
River; a base flow of 106.4 ft3/s, which corresponds 
to an 87-percent flow duration, was measured on 
September 29, 1990, at gaging station 01085000, 
about 1 mi downstream from the aquifer. Three 
municipal wells for the town of Henniker are in the 
western part of the aquifer and yield 0.52 Mgal/d 
(Joseph D'Amours, Town of Henniker, oral com- 
mun., 1991).

The 1.18-mi2 model area is in the northeastern 
part of the aquifer (fig. 18). The model boundaries 
are defined by (1) a till-bedrock contact Ft the north 
ern and eastern boundaries, (2) the Contoocook 
River at the southern boundary, and (3) a till- 
bedrock contact along 60 percent of the western 
boundary. A small part, less than 10 percent of the 
eastern and northern boundaries, corresponds to the 
northeasterly continuation of the aquifer. The 
northern and eastern boundaries were simulated as 
barrier boundaries. The western boundary was 
simulated as a barrier boundary in one simulation 
and as an open boundary in another simulation. The 
southern boundary was simulated as an open bound 
ary in one simulation and as a recharge boundary in 
another simulation. Two hypothetical wells were 
simulated and positioned in the most transmissive 
parts of the aquifer. The three municipal wells were 
not simulated because they are outside of the model 
area.

Estimates of aquifer yield predicted by the ana 
lytical model range from 1.13 to 1.14 Mgal/d. Simu 
lated recharge from induced infiltration of the 
Contoocook River is 0.06 ft 3/s or 0.04 Mgal/d. This 
recharge represents a small percentage (less than 
0.05 percent) of available base flow. Average annual 
recharge from precipitation is estimated at 6.3 
Mgal/d. Aquifer-yield analyses indicate that yields
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43°07'

43°06'

Base modified from U.S. Geological Survey 1:24,000 
Hillsborough, N.H. 1987. Polyconic projection 
Zone 19
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EXPLANATION

STRATIFIED-DRIFT AQUIFER 

TILL AND BEDROCK

BARRIER BOUNDARY-NO flow

OPEN BOUNDARY, simulation 1. 
RECHARGE BOUNDARY, simulation 2.

- - - - OPEN BOUNDARY

  1,000 LINE OF EQUAL TRANSMISSIVITY--
Interval, in feet squared per day, is variable

  HYPOTHETICAL PUMPED WELL
BARRIER BOUNDARY- 
NO FLOW, simulation 1. 
RECHARGE BOUNDARY, simulation 2.

Figure 17.~Location of analytical model used to predict yield for the Hillsborough-Contoocook River aquifer.
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of more than 1.14 Mgal/d are probable and are de 
pendent on the amount of induced infiltration from 
the Contoocook River. The three municipal-supply 
wells consume less than 5 percent of the average 
annual precipitation recharge to the aquifer, and 
withdrawals from these wells would not interfere 
with aquifer yield in the model area.

Mgal/d are probable and depend on the amount of 
induced infiltration from the Blackwater River.

WATER QUALITY

Andover-Blackwater River Aquifer

The Andover-Blackwater River aquifer is in the 
Blackwater River subbasin in the town of Andover 
(fig. 13). It is part of a long and narrow aquifer 
originating in the town of Sutton (pis. 2 and 4). The 
analytical model (2.50 mi2) was constructed to simu 
late aquifer yield at the widest part of the aquifer in 
eastern Andover. The aquifer in eastern Andover is 
1.7 mi wide and elliptical in shape (figs. 13 and 19). 
The total aquifer area that receives direct recharge 
from precipitation is estimated at 3.56 mi2 . The 
aquifer is drained to the south by Mountain Brook 
and the southeastern-flowing Blackwater River at 
the southern boundary. Base flow on October 3, 
1988, in this area ranged from 1 to 2 ft 3/s along 
Mountain Brook and from 12.2 to 17.8 ft3/s along the 
Blackwater River. Seepage gain across the aquifer 
was 1.0 (ft 3/s)/mi2 .

The model (fig. 18) is bounded to the east, west, 
and north by a till-bedrock contact. The model is 
bounded to the south by the Blackwater River valley, 
which contains stratified drift. All boundaries, ex 
cept the southern boundary, were kept as barrier 
boundaries. The southern boundary was simulated 
as a barrier boundary in one simulation and as a 
recharge boundary in another. Small sections of the 
western and northern boundaries (generally less 
than 30 percent of the section) are intersected by 
stratified-drift deposits in river valleys. Lateral flow 
is assumed to be negligible from these areas because 
cross-sectional width is small relative to the length of 
the model boundary and estimated transmissivities 
are generally less than 2,000 ft2/d. Three hypotheti 
cal wells were simulated 2,000 ft apart across the 
valley. Wells were positioned where the aquifer is 
most transmissive.

Aquifer yields predicted by the analytical model 
range from 1.34 to 1.56 Mgal/d. Recharge from in 
duced infiltration of the Blackwater River is 0.14 
ft3/s or 0.09 Mgal/d, which is a small percentage 
(10 percent) of available base flow from the Black- 
water River at 95-percent flow duration. Average 
annual precipitation recharge is estimated to be 3.6 
Mgal/d. Predicted aquifer yields of more than 1.56

Water in the stratified-drift aquifers of tl ?. Con 
toocook River basin is generally suitable for drink 
ing and other domestic uses. The background water 
quality of the stratified-drift aquifers in the study 
area was determined from (1) analyses of ground- 
water samples collected from 11 USGS observation 
wells during September-November 1989 and 
analyzed for major cations and anions, dissolved 
trace metals, and selected organic compounds in 
cluding volatile organics; (2) water-quality samples 
collected by New Hampshire Water Supply and Pol 
lution Control Commission (NHWSPCC) from 10 
public-supply wells and analyzed for major cations 
and anions and total recoverable trace metrls; and 
(3) comparison of surf ace-water-quality classifica 
tion of streams and lakes in the Contoocook River 
basin from information provided by NHWSPCC.

The 11 USGS observation wells were selected to 
provide maximum geographic distribution of 
ground-water samples collected within stratified- 
drift aquifers. These samples reflect the gecchemi- 
cal properties of the aquifer over a small area 
around the well. During the sampling phase of this 
study, sites of known ground-water contamination 
were avoided. Seven sites in the study area (fig. 20) 
are being monitored by the USEPA under the 
Federal Resource Conservation and Recovery Act 
(RCRA). These contaminated sites are in the towns 
of Jaffrey, Peterborough, Hillsborough, and Fopkin- 
ton.

Ground-water samples collected at public-supply 
wells by NHWSPCC were distributed throughout 
some of the most productive stratified-drift aquifers 
in the basin. These samples reflect the average 
geochemical properties of the aquifer over a rela 
tively large volume a volume one to two orders of 
magnitude larger than the volume of samples from 
the USGS observation wells.

The surface-water quality of streams and lakes in 
contact with stratified-drift aquifers can affect the 
quality of ground water if aquifers are recharged by 
surface water. For this reason, classification by 
NHWSPCC (1973, 1990a) was used to evaluate 
potential surface-water-quality effects on ground- 
water quality.
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72°00' 

I .

STRATIFIED-DRIFT AQUIFER 

PLATE BOUNDARY 

- - - DRAINAGE DIVIDE

STATE OF NEW HAMPSHIRE WATER- 
QUALITY SAMPLING LOCATION- 
A municipal well and number

HAZARDOUS-WASTE SITE-- On the 
National Priority List (U.S. Environmental 
Protection Agency, 1986 b)

USGS WATER-QUALITY SAMPLING 
LOCATION-A well or spring 
with local number

STREAM WATER-QUALITY CLASSIFICATION- 
Classes are explained in table 10.

'////////. Class A 

Class B

10 MILES 

J__I

10 KILOMETERS

Figure 20.~Location of U.S. Geological Survey water-quality sampling wells, state of New Hampshire water-quality 
sampling wells, stream water-quality classification, and Resource Conservation and Recovery Act sites.
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Surface Water

The general water quality of streams in the Con- 
toocook River basin was evaluated using data calcu 
lated by NHWSPCC (1990b). Surface-water quality 
is characterized on the basis of class designations 
(table 10). Class A waters are of the highest quality 
and are considered potentially acceptable for water- 
supply use after disinfection. Class B waters are of 
the second highest quality and are considered to be 
acceptable for bathing and other recreational pur 
poses (primary contact) and, after adequate treat 
ment, for drinking water supplies. Class C waters 
are considered potentially acceptable for recrea 
tional boating, fishing, or for industrial water-supply 
uses. All surface waters in New Hampshire are 
eventually expected to attain a Class B status.

Much of the Contoocook River and its tributaries, 
including the Nubanusit, North Branch, Beards 
Brook, and the Warner River, are of suitable water 
quality to be designated as Class B (fig. 20). The 
Blackwater River is designated as Class A, the 
highest standard of surface-water quality.

The primary reasons for violations of surface-water 
quality regulations are because levels of bacteria ex 
ceeded the recommended values and concentrations 
of dissolved oxygen were less than the NHWSPCC 
recommended level of 6 mg/L. This condition has oc 
curred along short reaches of the Contoocook River in 
Jaffrey and Peterborough, the North Branch in 
Antrim, the Warner River in Bradford, and along the 
lower reaches of the Blackwater River in Hopkinton. 
Along a short reach of the Contoocook River in Hop 
kinton and in Henniker, surface water had zinc con 
centrations that exceeded the USEPA recommended 
levels for protection of aquatic life (fig. 20).

Stratified-drift aquifers in contact with waters fail 
ing to meet recommended water quality levels for 
human consumption are potentially at risk of con 
tamination from degraded surface water if natural or 
induced infiltration of degraded surface water were to 
occur. The amount of ground water contaminated by 
degraded surface water would depend on the relative 
proportion of natural or induced infiltration and native 
ground water. Ground-water withdrawals near surface- 
waters, delineated on figure 20 as randomly failing to

meet water qualifications, could be susceptible to 
contamination from infiltration of surface waters.

Ground Water

Ground-water samples from 11 USGS observation 
wells were collected during fall 1989 according to 
methods described by Fishman and Freidman (1989). 
Wells were pumped until at least three times the volume 
of water in the well was evacuated and until the tempera 
ture, specific conductance, and dissolved oxygen stabi 
lized. These procedures ensured that samples were 
derived from the aquifer and not from stagnant water in 
the well casing. Ground-water samples from 10 public- 
supply wells were collected in the early to mid-1980's by 
NHWSPCC and analyzed at the New Hampshire State 
laboratories. Water samples were typically not col 
lected at the well but after the water had traveled 
through the water-supply distribution system. As a 
result, these samples may reflect some component of 
post-indigenous chemical reactions.

Results of analyses by USGS and NHWSPCC are 
summarized and compared to USEPA's primary and 
secondary drinking-water regulations (1988a,b) in 
table 11. A quantitative analysis of trace metal is dif 
ficult to determine because the USGS data are 
reported as dissolved species and the NHWSPCC data 
are reported as a total recoverable species. Analytical 
differences of non-metals (major cations and anions 
and selected constituents such as nitrate and phos 
phate) should be less since they are largely in a dis 
solved state. A qualitative summary, however, is useful 
to identify potential problem areas. Results of analysis 
of water samples collected by USGS are given in Ap 
pendix C. Results of analysis of water samples col 
lected by NHWSPCC are given in Appendix D.

Water from the stratified-drift aquifers was general 
ly suitable for drinking and for other domestic and 
commercial uses with the following exceptions:

1. Water from four wells had sodium concentra 
tions above the Health Advisory limit of 20 /ug/L 
(U.S. Environmental Protection Agency, 1988a).

2. Water from five wells had total iron concentra 
tions above the USEPA secondary maximum 
contaminant level" (SMCL) of 300 ^g/L.

4 SMCL (secondary maximum contaminant level) is a nonenforceable regulation that affects the aesthetic quality of 
drinking water. At high concentrations or values, health implications as well as aesthetic degradation may exist. These 
are intended as guidelines for the States.
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3. One-third of all the water samples had man 
ganese concentrations above the USEPA SMCL

The pH of water is a measure of the water's 
hydrogen-ion concentration. Water having a pH of 
7 is neutral, less than 7 is acidic, and greater than 7 
is alkaline. The pH of most ground water in the 
United States ranges from about 6.0 to 8.5 (Hem, 
1985). The pH in stratified-drift aquifers sampled 
across New Hampshire (1984-89) ranges from 5.26 
to 8.48; the median pH is 6.12 (Moore and others, 
1994). The range of pH for this study was from 5.40 
to 9.7; the median was 6.40. The most acidic water 
was from well GSW-30 in the town of Greenfield, 
and the most alkaline or basic water was from well 
PCW-126 in the town of Peterborough. Water from 
nine wells had pH values less than the minimum 
value (6.0) established as the SMCL by the USEPA 
(1986a). The pH of water from USGS observation 
wells averaged 1 to 2 units less than the pH of water 
from public-supply wells (Appendixes A and B).

The alkalinity of a solution is defined as the 
capacity for solutes in water to react with and 
neutralize acid (Hem, 1985). The principal source 
of ambient alkalinity is dissolved calcium carbonate 
(CaCOs). The buffering capacity of waters from 
stratified-drift aquifers is low. Alkalinity of water 
samples ranged from 5 mg/L (as CaCOs) at well 
RGW-107 to 65 mg/L (as CaCO 3 ) at well ANW-19; 
the median was 12.5 mg/L.

Specific conductance a measure of the ability of 
water to conduct electrical current  is an indication 
of the concentration of ions in solution or of dis 
solved solids. High specific conductance indicates 
that the concentration of one or more ions in solu 
tion is high. Specific conductance of water samples 
ranged from 8 juS/cm (microsiemens per centimeter 
at 25 degrees Celsius) at well HMW-21 to ISS^S/cm 
at well ANW-19; the median was 67.2 juS/cm. No 
water samples exceeded the recommended limit for 
drinking water (500 juS/cm) established by the 
NHWSPCC (1984).

The equilibrium concentration of dissolved 
oxygen in water that is in contact with air is a func 
tion of temperature and pressure and the concentra 
tion of other solutes (Hem, 1985, p. 155). Oxygen is 
supplied to ground water through recharge and by 
movement of air through unsaturated material above 
the water table. Dissolved-oxygen concentrations in 
samples from USGS observation wells ranged from 
1.50 to 9.70 mg/L; the median was 5.95 mg/L. Data 
were not available for public-supply wells.

Dissolved-solids concentration in water from 11 
USGS observation wells ranged from 16 to 
151 mg/L; the median was of 27 mg/L. Data were not 
available for public-supply wells. The concentra 
tions of dissolved solids in all water samples were 
less than the recommended limit for drinking water 
(500 mg/L) established by the NHWSPCC (written 
commun., 1987). The low concentration of dissolved 
solids in stratified-drift aquifers is attribited to the 
insolubility of the aquifer matrix and the short 
residence time of water (Morrissey and Regan, 
1987). Water from well BMW-167 had the highest 
concentration of dissolved solids (151 mg/L) and the 
highest specific conductance (237/^S/cm).

Sodium and chloride can be introduced into 
ground water from natural and manmade sources. 
The principal source of natural chloride is atmos 
pheric precipitation and dry fallout, which con 
tribute about 0.5 mg/L to the New Hampshire land 
surface (Hall, 1975). The major manmade source of 
sodium and chloride is salt from road deicing prac 
tices. Four samples had sodium concentrations that 
exceeded the recommended Health Advisory Limit 
of 20 mg/L; the median for all water samples was 6.0 
mg/L. None of the samples had chloride concentra 
tions that exceeded the SMCL (250 mg/L) established 
by the USEPA (1988b); the median was 10 mg/L.

Nitrogen is present in water as nitrate or nitrite 
anions, as ammonium cations, and in an inter 
mediate oxidation state as a part of organic solutes 
(Hem, 1985, p. 124). The predominant form of inor 
ganic nitrogen in water is nitrate, from the oxidation 
of nitrogenous compounds. Excess nitrate in ground 
water can originate from fertilizer application, 
leachate from sewage systems, or wastes from farm 
animals. Nitrate is weakly adsorbed onto sediments 
during the transport of water through scils. Exces 
sive concentrations of nitrate (greater than 10 mg/L 
as nitrogen or greater than 44 mg/L as nitrate) in 
drinking water may cause methemoglobinemia in 
small children (Hem, 1985, p. 124). Nitrogen con 
centrations as nitrate and nitrite in 21 water samples 
ranged from below the detection level of 0.05 mg/L 
to a maximum of 2.40 mg/L. None of the samples 
exceeded the U.S. Environmental Protection Agen 
cy drinking standard of 10 mg/L for nitrogen.

The most common sulfur species under oxidizing 
conditions is sulfate. The SMCL for sulfate (SO4 ~ 2) 
in drinking water is 250 mg/L (U.S. Environmental 
Protection Agency, 1988b). Oxidation of sulfide 
ores, gypsum, and anhydrite are sources of sulfate; 
gypsum and anhydrite are generally not present in 
stratified-drift aquifers. Under reducing condi 
tions, sulfate can be reduced by anaerobic bacteria
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to hydrogen sulfide (H2S) gas, which can be detected 
by smell at concentrations of only a few tenths of a 
milligram per liter. Sulfate concentrations in all the 
water samples ranged from less than 1 to 26 mg/L; 
the median was 5.0 mg/L.

Iron and manganese are common elements in 
minerals of bedrock and stratified drift in New 
Hampshire and are common dissolved and 
suspended solids in ground water of these deposits 
(Morrissey and Regan, 1987). Concentrations of 
iron and manganese above SMCL's were the most 
common water-quality problems found during this 
study. Five water samples had total iron concentra 
tions (dissolved and suspended) above the SMCL of 
300 jMg/L, and eight samples had dissolved-man- 
ganese concentrations above the SMCL of 50 //g/L 
(U.S. Environmental Protection Agency, 1988b). 
The highest total iron concentrations were measured 
from water samples at wells--7,100//g/L at SIW-10, 
3,900//g/L at NDW-78, and 1,500//g/L at WHW-49. 
Water samples from well SIW-10 had a low con 
centration of dissolved iron although total iron con 
centrations were high. This well (SIW-10) is near a 
swamp where the water has a high concentration of 
suspended iron.

Aluminum, the third most abundant element in the 
Earth's crust, rarely is present in water at concentra 
tions greater than a few hundredths or a few tenths of 
a milligram per liter (Hem, 1985, p. 73). All water 
samples had concentrations less than 100 jug/L. Water 
from four wells had aluminum concentrations that ex 
ceeded the SMCL of 50 //g/L (U.S. Environmental 
Protection Agency, 1992) with one additional pos 
sibility, well JBW-43 (Appendix D).

Arsenic, although found in water from bedrock in 
many parts of New Hampshire, was not found in 
elevated concentrations in the water of stratified- 
drift aquifers in this study. No wells had water 
samples that exceeded the maximum contaminant 
level5 (MCL) of 50//g/L for arsenic (U.S. Environ 
mental Protection Agency, 1992).

Concentrations of other elements and trace ele 
ments (table 11), with the exception of one water 
sample from HMW-21 for lead, generally were less

than the USEPA primary and secondary drinking- 
water regulations (1988a).

Volatile organic compounds (VOC's), primarily 
solvents from industrial wastes, are sorre of the 
major ground-water contaminants in New 
Hampshire (Morrissey and Regan, 1987). The most 
common VOC's are dichloroethane, trichloro- 
ethylene, tetrachloroethane, benzene, ethylbenzene, 
and toluene. Water samples from 11 USGS observa 
tion wells were tested for 27 different VOC's (Ap 
pendix C). Except for trace levels (0.40 /^g/L) of 
methylene chloride in water from well ANW-19, all 
VOC concentrations are below the detection level of 
0.30//g/L.

A trilinear diagram showing major cation and anion 
water chemistry of water samples from USGS wells is 
shown in figure 21. The trilinear diagram rhows the 
percentage of major cations and anions in millie- 
quivalents per liter. The principal cations are calcium 
and sodium, and the principal anions are bicarbonate 
and chloride. From these samples, natural water 
quality of stratified-drift aquifers can be characterized 
as a calcium bicarbonate water type. Water samples 
from wells adjacent to roads (RGW-107 and GSW-75) 
were a sodium chloride water type and were probably 
affected by road salting activities.

Although the effect of geohydrologic factors on 
water quality was not analyzed, the variation in 
residence times in different geohydrologic settings 
within the basin may have an effect on water quality. 
The steep hydraulic gradients and narrow aquifers 
associated with tributary valleys with stratified-drift 
aquifers are likely to have extremely short residence 
times as compared to the shallow hydraulic 
gradients in the large stratified-drift aquifers in the 
main valley of the Contoocook River. The buffering 
capacity of water typically increases with increased 
residence times.

SUMMARY AND CONCLUSIC NS

Discontinuous stratified-drift aquifers urderlie 16 
percent of the 766 mi2 of the Contoocook River basin

MCL (maximum contaminant level) is an enforceable, health-based regulation that is to be set as close tc the 
level at which no known or anticipated adverse effects on the health of a person occur as is feasible. The definition of 
feasible means the use of best technology, treatment techniques, and other means that the Administrator of the U.S. 
Environmental Protection Agency finds, after examination for efficacy under field conditions and not solely under 
laboratory conditions, are generally available (taking cost into consideration).
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Figure 21.-Trilinear diagram showing major-ion chemistry of water samples from U.S. Geological Survey wells.

and are commonly present in low-lying river valleys. 
The largest contiguous aquifer, approximately 27 
mi2, is in the central river valley of the Contoocook 
River. The Contoocook River asymmetrically 
bisects the basin, and tributary river valleys along the 
western flank of the basin contain small aquifers.

The sediments composing the aquifers were 
deposited primarily in a large glacial lake that 
covered 166 mi2 of the basin. The most permeable, 
coarse-grained sediments were deposited by ice- 
front deltas and subglacial valley trains. The glacial 
lake drained at eight sequential south-trending out 
lets in a direction opposed to present drainage pat 
terns of the Contoocook River. The effect of 
reversed drainage patterns and several levels of the

lake controlled depositional processes and forma 
tion of specific depositional units.

Saturated thickness of stratified-drift nuifers ex 
ceeded 160 ft in several areas but was generally less 
than 80 ft. Several small, narrow, and deep channels 
in bedrock were eroded by subglacial meltwaters; 
maximum saturated thickness is approximately 230 ft 
in a narrow, deeply eroded bedrock charnel next to 
Norway Pond in Hancock. Transmissivities es 
timated from lithologic logs exceed 8,COO ft2/d in 
several aquifers but more commonly ar°. less than 
2,000 ft2/d. Ice-contact, deltaic, and valley-train 
deposits have estimated transmissivities that ex 
ceeded 2,000 ft 2/d. An ice-contact deposit in Ben- 
nington along the Contoocook River has an

62



estimated maximum transmissivity of approximately 
22,000 ft 2/d.

Ground-water withdrawals from stratified-drift 
aquifers are estimated to be 1.6 Mgal/d. Most of this 
amount (96 percent) consists of withdrawals from 
municipal wells. Domestic and commercial users 
primarily depend on bedrock aquifers. Eighty-four 
percent of domestic and commercial users rely on 
bedrock aquifers as water-supply sources.

The effective ground-water-recharge rate for the 
entire basin is 13.9 in/yr. This rate integrates the 
effective recharge of all aquifers in the basin 
(stratified drift, till, and bedrock). The effective 
recharge to the entire basin, determined by the use 
of base-flow-separation techniques from streamflow 
data at the Contoocook River in Penacook, is 521 
Mgal/d . The maximum potential average annual 
recharge to the stratified-drift aquifers from infiltra 
tion of precipitation is estimated at 121 Mgal/d. Ad 
ditional recharge from other sources also occurs.

Ground-water storage is greatest in aquifers along 
the Contoocook River valley in the Main Stem South, 
South-Central, and Main Stem North subbasins. 
These subbasins contain the largest stratified-drift 
aquifers. The Main Stem South-Central subbasin 
contains the most transmissive stratified-drift 
aquifers. Highly transmissive aquifers formed by es- 
kers and ice-contact deltaic deposits are present in 
Hancock near Norway Pond, in Greenfield, and 
along the Contoocook River in Bennington.

Aquifer yields were estimated for four aquifers by 
means of an analytical ground-water-flow model that 
was based on the Theis confined-flow equation ad 
justed to account for boundary effects typically as 
sociated with stratified-drift aquifers. The 
maximum sustained aquifer yield during a period of 
no recharge was 1.85 Mgal/d at the Greenfield-Otter 
Brook aquifer. Aquifer yields can exceed this rate 
during periods of recharge.

Additional aquifer yields are primarily dependent 
upon the amount of induced infiltration from sur 
face-water bodies because of the small volume of 
coarse-grained aquifer deposits capable of yielding 
water. Leakage from a fine-grained low transmis- 
sibility sequence in contact with coarse-grained, 
more transmissive units may also provide sustained 
yields.

Under natural conditions, ground water in 
stratified-drift aquifers is a calcium bicarbonate 
type. Water samples were collected from 11 obser 
vation wells to assess the quality of ground water at 
wells located away from areas of known ground- 
water contamination. Data from an additional 10 
public-supply wells from the New Hampshire

Department of Environmental Services were incor 
porated to augment spatial coverage throughout the 
aquifer. In general, concentrations of tra°e metals 
were below recommended levels established by 
USEPA primary and secondary drinking-water 
regulations. VOC's were detected at low levels 
(0.4/ig/L) in a sample from one site. Elevated 
sodium and chloride concentrations at some loca 
tions may be the result of road-salting activities 
during winter.
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GLOSSARY

Aquifer A geologic formation, group of formations, 
or part of a formation that contains sufficient 
saturated permeable materials tc yield sig 
nificant quantities of water to wells rnd springs. 
Where water only partly fills an aquifer, the 
upper surface of the saturated zon°. is free to 
rise and decline.

Aquifer boundary A feature that define? the extent 
of an aquifer.

Aquifer yield The maximum rate of withdrawal that 
can be sustained without causing an unaccept 
able decline in the hydraulic head in the 
aquifer.

Base flow Sustained low flow or fair-weather 
runoff. In most streams, base runoff is com 
posed largely of ground-water seepage.

Bedrock Solid rock, locally called "ledge," that 
forms the Earth's crust. The rock may be ex 
posed at the surface but more commonly is 
buried beneath a few inches to more than 200 
feet of unconsolidated deposits.

Cone of depression A depression produced in a 
water table or other potentiometric surface by 
the withdrawal of water from an aquifer; in 
cross section, it is shaped like an inverted cone 
with its apex at the pumped well.

Confined aquifer An aquifer saturated with water 
and bounded above and below t x' material 
having a distinctly lower hydraulic conductivity 
than the aquifer itself.*

Contact A plane or irregular surface between two 
types or ages of rocks or unconsolidated sedi 
ments.

Cubic foot per second (ft3/s) A unit expr essing rate 
of discharge. One cubic foot per second is 
equal to the discharge of a stream 1 foot wide 
and 1 foot deep flowing at an average velocity of 
1 foot per second.
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Cubic foot per second per square mile [(ft3/s)/mi2]--A 
unit expressing average number of cubic feet of 
water flowing per second from each square mile 
of area drained.

Deposit Earth material that has accumulated by 
some natural process.

Dissolved solids The residue from a clear sample 
of water after evaporation and drying for 1 hour 
at 180°C; consists primarily of dissolved mineral 
constituents but may also contain organic mat 
ter and water of crystallization.

Drainage area The area or tract of land, measured 
in a horizontal plane, where water accumulates 
and ultimately flows to some point on a stream 
channel, lake, reservoir, or other body of water.

Drawdown The lowering of the water table or 
potentiometric surface caused by the 
withdrawal of water from an aquifer by pump 
ing; equal to the difference between the static 
water level and the pumping water level.

Drumlin A low, smoothly rounded, elongated oval 
hill of till, built under the margin of glacial ice 
and shaped by its flow; its long axis is parallel to 
the direction of movement of the ice.

Effective size That grain size where 10 percent of 
the sample is finer than the effective grain size 
and 90 percent is coarser than the effective 
grain size.

Esker A long, narrow ridge of sand and gravel that 
was deposited by water flowing in tunnels 
within or beneath glacial ice.

Flow duration of a stream The percentage of time 
during which specified discharges are equaled 
or exceeded within a given time period.

Foreset bed One of the gently inclined layers of 
sandy material deposited upon or along an ad 
vancing and relatively steep frontal slope.

Fracture A break, crack, or opening in bedrock 
along which water can move.

Gravel--Unconsolidated rock debris composed 
principally of particles with a median diameter 
of 2 mm.

Ground water Water beneath the water table in 
soils or geologic formations that are fully 
saturated.

Ground-water discharge The discharge of water 
from the saturated zone by (1) natural proces 
ses such as ground-water seepage into stream 
channels and ground-water evapotranspiration 
and (2) discharge through wells and other man- 
made structures.

Ground-water divide A ridge in the water table or 
other potentiometric surface from which the 
ground water moves away in both directions.

Ground-water evapotranspiration--Grourd water 
discharged into the atmosphere in the gaseous 
state either by direct evaporation from the 
water table or by the transpiration of p'ants.

Ground-water recharge Water that is added to the 
saturated zone of an aquifer.

Ground-Water Site Inventory (GWSI)--A com 
puterized file maintained by the U.S. Geologi 
cal Survey that contains information collected 
throughout the United States about wells, 
borings, and springs.

Head, static The height of the surface of a water 
column above a standard datum that can be 
supported by the static pressure of a given 
point.

Hydraulic conductivity (K)--A measure of the 
ability of a porous medium to transmit a fluid. 
Hydraulic conductivity can be expressed in unit 
length per unit time; for example, a material has 
a hydraulic conductivity of 1 foot per day if it 
will transmit in 1 day, 1 foot of water at the 
prevailing kinematic viscosity through a 1-foot- 
square cross section of aquifer, measured at 
right angles to the direction of flow, under a 
hydraulic gradient of 1-foot change in head over 
a 1-foot length of flow path.

Hydraulic diffusivity (T/S or K/Ss)--The ratio of 
transmissivity to storage coefficient or 
hydraulic conductivity to specific storage in 
length squared per time.

Hydraulic gradient The change in static head per 
unit of distance in a given direction. If not 
specified, the direction is generally understood 
to be that of the maximum rate of decrease in 
head.

Hydrograph A graph showing stage (height), flow, 
velocity, or other properties of water with 
respect to time.
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Ice-contact deposits Stratified drift deposited in 
contact with melting glacial ice. Landforms in 
clude eskers, kames, kame terraces, and 
grounding-line deltas.

Induced infiltration The process by which water 
infiltrates an aquifer from an adjacent surface- 
water body in response to pumping.

Kame A low mound, knob, hummock, or short ir 
regular ridge, composed of stratified sand and 
gravel deposited by glacial meltwater; the 
precise mode of formation is uncertain.

Kame terrace A terrace like ridge consisting of 
stratified sand and gravel formed as a 
glaciofluvial deposit between a melting glacier 
or stagnant ice lobe and a high valley wall, left 
standing after the disappearance of the ice.

Mean (arithmetic) The sum of the individual values 
of a set, divided by their total number; also 
referred to as the "average."

Median The middle value of a set of measurements 
that are ordered from lowest to highest; 50 per 
cent of the measurements are lower than the 
median and 50 percent are higher than the 
median.

Micrograms per liter (ag/L) A unit expressing the 
concentration of chemical constituents in solu 
tion as the mass (micrograms) of a constituent 
per unit volume (liter) of water. One thousand 
micrograms per liter is equivalent to 1 mil 
ligram per liter.

Milligrams per liter (mg/L) A unit for expressing 
the concentration of chemical constituents in 
solution as the mass (milligrams) of a con 
stituent per unit volume (liter) of water.

Morphosequence A continuum of time-equivalent 
landforms composed of melt-water deposits 
from more collapsed forms as a result of melt 
ing of ice blocks at the head or upstream parts 
of outwash to progressively less collapsed forms 
downstream. A sequence can thus be viewed as 
a body of stratified drift laid down, layer upon 
layer, by melt water at and beyond the margin of 
a glacier.

Outwash Stratified deposits chiefly of sand and 
gravel removed or "washed out" from a glacier 
by meltwater streams and deposited beyond the 
margin of a glacier, usually deposited as flat or 
gently sloping outwash plains.

Outwash deltas Deltas formed beyond the margin 
of the glacier where glacial meltwater entered a 
water body.

pH The negative logarithm of the hydrogen-ion 
concentration. A pH of 7.0 indicate*" neutrality; 
values below 7.0 denote acidity, and those 
above 7.0 denote alkalinity.

Phi grade scale A logarithmic transformation of the 
Wentworth grade scale based on the negative 
logarithm to the base 2 of the particle diameter, 
in millimeters.

Porosity The property of a rock or unconsolidated 
deposit that is a measure of the size and number 
of internal voids or open spaces; it may be ex 
pressed quantitatively as the ratio of the volume 
of its open spaces to its total volume.

Precipitation The discharge of water from the at 
mosphere, either in a liquid or solid state.

Primary porosity Porosity that is intrnsic to the 
sediment or rock matrix. (See secondary 
porosity.)

Runoff That part of the precipitation that appears 
in streams. It is the same as streamflow unaf 
fected by artificial diversions, storage, or other 
human activities in or on the stream channels. 
Runoff consists of surface runof (overland 
flow), interflow, and ground-water seepage 
(base flow).

Saturated thickness (of stratified drift)-Thickness 
of stratified drift extending down from the 
water table to the till or bedrock surface.

Saturated zone-The subsurface zone in which all 
open (interconnected) spaces are filled with 
water. Water below the water table, the upper 
limit of the saturated zone, is under pressure 
that is greater than atmospheric pressure.

Secondary porosity Porosity that is developed by 
such phenomena as secondary solution or struc 
turally controlled regional fracturing.

Sediment Fragmental material that originates from 
the weathering of rocks. It can be transported 
by, suspended in, or deposited by water.

Specific storage The volume of water that a unit 
volume of aquifer releases from storage under a 
unit decline in hydraulic head.

Specific yield Ratio of the volume of vater that a 
given mass of saturated rock or soil will yield by 
gravity from that mass.
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Standard deviation A measure of the amount of 
variability within a sample; it is the square root 
of the average of the squares of the deviations 
about the arithmetic mean of a set of data.

Steady-state--A condition in which the magnitude 
and the direction of the flow velocity at any 
point in a flow field is constant with time.

Storage coefficient The volume of water an aquifer 
releases from or takes into storage per unit sur 
face area of the aquifer per unit change in head. 
In an unconfined aquifer, the storage coeffi 
cient is virtually equal to the specific yield.

Stratified drift Sorted and layered unconsolidated 
material deposited in meltwater streams flow 
ing from glaciers or settled from suspension in 
quiet water bodies fed by meltwater streams.

Surficial geo!ogy--The distribution of uncon 
solidated deposits at or near the land surface.

SyncIine--A fold of which the core contains the 
stratigraphically younger rocks; it is generally 
concave upward.

Synclinorium A composite synclinal structure of 
regional extent composed of lesser folds.

Till A predominantly nonsorted, nonstratified sedi 
ment deposited directly by a glacier and con 
sists of boulders, gravel, sand, silt, and clay 
mixed in various proportions.

Topset bed One of the nearly horizontal layers of 
sediments deposited on the top surface of a 
delta; it truncates or covers the foreset beds.

Transmissivity The rate at which water is trans 
mitted through a unit width of aquifer under a 
unit hydraulic gradient. Equal to the average 
hydraulic conductivity times the saturated 
thickness.

Unconfined aquifer (water-table aquifer) An
aquifer only partly filled with water. In such 
aquifers, the water is unconfined in that the 
water table or the upper surface of the 
saturated zone is at atmospheric pressure and is 
free to rise and fall.

Unconsolidated deposit A sediment in which the 
particles are not firmly cemented together, such 
as sand in contrast to sandstone.

Unsaturated zone The zone between the water 
table and the land surface in which the open 
spaces (voids) are not completely filled with 
water.

Water table The upper surface of the saturated 
zone. Water at the water table is at atmos 
pheric pressure.
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Appendix ̂ .--Description of wells and borings

Local site number: First two characters indicate U.S. Geological Survey town code. Third character indicates- A, borings 
done for hydrologic purposes; B, borings done primarily for constructional purposes; S, spring; W, well.

Latitude, Longitude: Accurate within 5 seconds.

Elevation: Elevations are expressed in feet above sea level. Most elevations were estimated from U.S. Geological Survey 
topographic maps, accurate to ± 5 to 10 feet (half the contour interval). Some elevations were determined fr" use of 
levels and are accurate to ± 0.1 foot as shown.

Owner or user. Assoc., association; Bros, brothers; Cl, club; Co., company; Constr, construction; Contrg, contractir<?; Cnty, 
county; Corp, corporation; Dept, department; Dev, development; Dist, district; Elem, elementary; Ent, enterprise; Inc., 
incorporated; Lk Vil Wtr Dist, Lake Village Water District; Mtn. Rehab. Ce, Mountain Rehabilitation Center; NE, New 
England; NH Dept. Env. Serv., New Hampshire Department of Environmental Services; NH PUB WKS HWY, New 
Hampshire Public Works Highway; Scho, school; USGS, United States Geological Survey

Diameter. Nominal inside diameters of the well casings, in inches.

Depth to bottom of casing: Depth to the bottom of well casing in feet below land-surface datum.

Casing material: (materials from which the casings are made): P, PVC or other plastic; or S, steel.

Type of finish: (method of finish or nature of the openings that allow water to enter the well): G, gravel-pack we?l with a 
screen; P, perforated or slotted with holes punched or slots cut into the casing to admit water; S, screen (manufactured); 
W, walled with open-jointed fieldstone, brick, tile, or concrete blocks; X, open hole where the casing does not extend to 
the bottom of the well (usually a bedrock well).

Depth to bottom of open section: Depth to the bottom of the screen or open section in which water enters the we1' in feet 
below land-surface datum.

Type of well or spring: BrW, bedrock well; TH, test hole;
Wells or borings in surficial deposits: Bor, bored or augered; Cbl, cable-tool well; Dug, dug well.

Water level: In feet below land-surface datum; negative sign indicates water level above land-surface datum; mn-dd-yy, 
month-day-year.

Use:
Use of site: O, observation well drilled for water-level or water-quality observations; T, test hole. 
Use of water: C, commercial; H, domestic; N, industrial; P, public supply; U, unused.

Maximum well yield: Discharge in gallons per minute.

Drawdown: In feet, observed at a pumping well.

Specific capacity: In gallons per minute per foot of drawdown.

Pumping period: The length of time, in hours, that the well was pumped prior to the measurement of production levels.

Remarks: RCRA, Resource Conservation and Recovery Act; USGS, well or test hole drilled by the U.S. Geological Survey 
for this investigation; Z, auger; Bridge 141/146 boring 3, bridge boring numbering system.
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Appendix B

Stratigraphic logs of selected wells and borings
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Appendix C

Chemical analyses of ground-water samples from U.S. Geological Survey observation wells
in the Contoocook River basin
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Appendix D

Chemical analyses of ground-water samples from municipal wells 
in the Contoocook River basin
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Appendix E

Geohydrologic sections interpreted from seismic-refraction, well, and boring data
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Appendix El. Geohydrologic sections interpreted from seismic-refraction, well, and boring data for Jaffrey 
A-A' and B-B', and Rindge A-A' and B-B'. Lines of section are shown on plate 2.
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Appendix E2. Geohydrologic sections interpreted from seismic-refraction, well, and boring data for Sharon 
A-A', B-B', and C-C'. Lines of section are shown on plate 2.
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Appendix E3.--Geohydrologic sections interpreted from seismic-refraction, well, and boring data for Dublin 
A-A',Harrisville A-A', and Nelson A-A'. Lines of section are shown on plate 2.
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Appendix E4.--Geohydrologic sections interpreted from seismic-refraction, well, and boring data for Antrim 
A-A', and Bennington A-A' and B-B'. Lines of section are shown on plate 2.
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Appendix E5.--Geohydrologic sections interpreted from seismic-refraction, well, and boring data for Deering 
A-A', B-B', C-C', and D-D'. Lines of section are shown on plate 2.
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Appendix E6. Geohydrologic sections interpreted from seismic-refraction, well, and boring data for 
Greenfield A-A', B-B', C-C', and D-D'. Lines of section are shown on plate 2.
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Appendix E7. Geohydrologic sections interpreted from seismic-refraction, well, and boring dat? for 
Greenfield E-E', and Hancock A-A', B-B', and C-C'. Lines of section are shown on plate 2.
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Appendix E8.--Geohydrologic sections interpreted from seismic-refraction, well, and boring data for 
Peterborough A-A', B-B', and C-C'. Lines of section are shown on plate 2.
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Appendix E9.--Geohydrologic sections interpreted from seismic-refraction, well, and boring data for Windsor
B-B' and C-C'. Lines of section are shown on plate 2.
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Appendix E10.--Geohydrologic sections interpreted from seismic-refraction, well, and boring data for Bra dford 
A-A', Hillsborough A-A' and B-B', and Windsor A-A'. Lines of section are shown on plates 1 and 2.
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Appendix Ell.--Geohydrologic sections interpreted from seismic-refraction, well, and boring data for 
Henniker A-A' and B-B', and Hopkinton A-A'. Lines of section are shown on plate 1.
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Appendix E12. Geohydrologic sections interpreted from seismic-refraction, well, and boring data for 
Bradford B-B', C-C', D-D', and E-E'. Lines of section are shown on plate 1.
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Appendix E13. Geohydrologic sections interpreted from seismic-refraction, well, and boring data for 
Newbury A-A', and Sutton A-A', B-B', and C-C'. Lines of section are shown on plate 1.
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Appendix E14.--Geohydrologic sections interpreted from seismic-refraction, well, and boring data for Warner
A-A' and B-B'. Lines of section are shown on plate 1.
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Appendix E15. Geohydrologic sections interpreted from seismic-refraction, well, and boring data for 
Andover A-A', and Danbury A-A' and B-B'. Lines of section are shown on plate 1.
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Appendix E16.--Geohydrologic sections interpreted from seismic-refraction, well, and boring datr for 
Hill A-A', Sutton D-D' and E-E'. Lines of section are shown on plate 1.
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Appendix E17.~Geohydrologic sections interpreted from seismic-refraction, well, and boring data for Boscawen 
A-A', Webster D-D' and E-E', and Hopkinton B-B'. Lines of section are shown on plate 1.
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WATER-RESOURCES INVESTIGATIONS REPORT 92-4154
Water table, data-collection locations, and surficial geology-PLATE 1

Haite, P.T. and Johnson, William., 1994, Geohydrology and water quality of 
stratified-drift aquifers in the Contoocook River Basin, south-central New Hampshire
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A___XT SEISMIC-REFRACTION LINE-Done by the U.S. Geological Survey. Sequence let 
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EXPLANATION

STRATIFIED-DRIFT AQUIFER-Typically medium sand to gravels but may contain 
intervals of fine sand
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